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microbiological reagents and media 
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TISSUE CULTURE 
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VIRUS PROPAGATION 
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\ pen material and include those commonly employed for 
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REAGENTS OF ANIMAL ORIGIN —- Desiccated and Liguid 
Plasma, Sera and Serous Fluids 
Embryos and Embryo Extracts 
Ultrafiltrates 


REAGENTS, CHEMICALLY DEFINED — Dilute and Concentrate 
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Over 60 years’ experience assures 


UNIFORMITY - STABILITY - ECONOMY 


Difco Laboratories 


Prompt delivery from U.K stock. Write for Difco Manual and technical 
leaflets to the sole agents: 
BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester and Glasgow Agents throughout U.K. and all over the world 


complete laboratory service 


TAS/DO.2 





, PURE FUSED SILICA 
LABORATORY WARE 





@ Highly resistant to thermal shock. 
@ Completely inert to all acids except hydrofluoric. 
@ Standard equipment for ashing determinations. 
@ For repeated use up to 1050°C. 

Leaflets available on request. 


We also manufacture an extensive range of Vitreosil Industrial Ware 


THE THERMAL SYNDICATE LTD. 
P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Te, 1Wallsend 6-3242 
LONDON: 9 BERKELEY STREET, W.1. Tel. Hyde Park 1711/2 








May 1959 LABORATORY PRACTICE XCiil 













oct ‘M’ tree 


METERING PUMPS 



































DELIVERY VOLUME % OF MAXIMUM 
ST) ee ee SS  . 
75 Ex Stock 
TYPICAL TEST ald 
CALIBRATION CHART curate metering pumps suitable for most 
FOR ‘MM’ TYPE PUMP Ps licuids. Variations of flow are obtained by 
“ Oe micrometer adjustment of stroke whether pump 
iS Working or stationary 
ra 10 capacity ranges : 
2s —< C€—0.75 litres hr. to O—37 litres hr 
a Pump heads for different capacities are readily 
nterchangeable on ali DCL Metering Pumps 
i 
° MICROMETER CONTROL SCALE 


i 2 3 4 5 6 ? Full information available on request 
for small constant flows 


DCL MICRO PUMPS 


Adjustable by micrometer 


ALSO DCL for 
DIAPHRAGM 
PUMPS, 


THE DISTILLERS COMPANY LIMITED 


ENGINEERING DIVISION GREAT BURGH 











9 capacity ranges: 0 ce hr BURSTING DISCS EPSOM, SURREY Telephone: Burgh Heath 3470 
to 0O— 1500 cc hr 
— 
wa an a 














| 
_ STAINLESS-STEEL GENERAL-PURPOSE BATH 
| DIMENSIONS = —_ conrect 
Internal: ; ; 
18 12 74" deep Hydraulic type thermo 
| Qearelt- stat operating up to 
23 14” . 94” deep 100 C. . 0-5°C. 
HEATER 
DESIGN 
1,000 watt, mat type. 





Of modern appearance. 
Working-space of matt 
polished stainless-steel. 
Outer case of mild steel 
welded construction, 
with hammer pattern 


Specially constructed 
to minimise watts den- 
sity per square inch, 
thus increasing life. 
Easily replaceable when 
necessary. 


silver-grey stove-enamel 





finish. 
H-1010 STAINLESS-STEEL WATER BATH, as illustrated ... £27-10-0d. 
H-1011 Gabled Lid, in stainless-steel, for above £6-17-6d. 
H-1012 Flat Lid, in stainless steel, for above £3-18-6d. 


PLEASE STATE VOLTAGE WHEN ORDERING 


CHARLES HEARSON & CO. LTD. 


WILLOW WALK - LONDON, S.E.1 + Telephone BER. 4494 
161 BROWNLOW HILL - LIVERPOOL3 Telephone Royal 7995 
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University Press 


Oxford 





Medical Museum 
Technology 


J. J. EDWARDS: Ghief Technologist, The London Hospital Medical College 


and M. J. EDWARDS Museum 


As so many of the new techniques used for the preservation and mounting of 
specimens for medical museums can only be found in scattered articles in a 
host of technical periodicals, this book, which sets out to give an account of all 
aspects of medical museum technology, should be invaluable to those under- 
taking such work. Medical museum technology has been interpreted in a very 
wide sense as comprising the preservation of all forms of tissue for teaching 
purposes or for research; it is not restricted solely to pathological material. 
Although all important current techniques have been included and all new 
methods noted, full descriptions have been given only for techniques that have 
withstood the test of time, since in a museum this is the most important test of 
all. Methods that have been replaced by new—and better-proved—techniques 
have been completely disregarded. 

The history of museum technology has been described at length in the early 
chapters of the book as it is hoped that this historical analysis of the lines on 
which new techniques have developed will give to the accounts of current 
techniques a coherence that they might otherwise lack. 


CONTENTS 
PART 1. TECHNIQUE TO THE MID-NINETEENTH CENTURY 
Early Methods of Preparation—The Established Technical Tradition 


—Early Medical Museums 


PART 2. THE DISCOVERY OF FORMALIN PRESERVATION 
Blum—Jores—Kaiserling 

PART 3. MODERN TECHNIQUES 
The Preservation of Specimens—The Technique of Liquid Mounting 
—Colour Injection—The Use of Solid Plastic, and Paper for Moun- 
ting—The Maceration and Articulation of Bones—Casts—Trans- 
parencies—The Organization of the Medical Museum—References— 
List of Suppliers—Index , 


182 pages 41 illustrations 21s. net 
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OFF THE SHELF SERVICE... 


FOR GRADED LABORATORY CHEMICALS and ACIDS 


BY :—BRITISH DRUG HOUSES LTD.: HOPKIN & WILLIAMS LTD.: 
MAY & BAKER LTD.: L. LIGHT & CO. LTD.: G. T. GURR LTD.: 
JAS. WILKINSON & SON LTD.: RIDSDALE & CO. LTD. 


Write for details and samples of the ‘Beecroft’ range of PVC Bungs 


BEECROFT & PARTNERS 


Telephone: SHEFFIELD 21582 
& 29916 







BEECROFT & PARTNERS (METALLURGISTS) LTD. RETORT WORKS, SCOTLAND STREET, SHEFFIELD 3. 


TAKING THE STRAIN 
OUT OF MICROSCOPY 


The ‘BINAC’ Binocular Eyepiece Attachment 
eliminates the causes of ocular fatigue 


@ Does not diminish resolving power or image quality. 

All prisms and lenses coated to increase light transmission. 
Independent focussing of right eyepiece. 

Enclosed, dustproof mechanism controls interocular separation. 
Magnification factor x 1.5. Corrected for 160 mm. T.L. 

The ‘BINAC’ can be fitted to any monocular microscope. 





Acquiring up-to-date equipment while keeping within the limits of controlled 
annual expenditure presents many difficulties in budgeting. We are pleased to 
announce that arrangements can now be made for the purchase of any Watson 
equipment over a period of two years. 


W. WATSON & SONS LTD 
BARNET . HERTS 
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Scopulariopsis Brevicaulis: a mould 
which liberates arsine from the pig- 
ment Paris Green—grown on Oxoid 
Sabouraud Agar 


The case of the toxic wallpaper 
\ 


In a damp and dingy green-papered room, a man 
was suffering from a progressive malaise and 
little knew that he was being slowly poisoned. 
Murder?—No. In fact, arsenical gas was being 
liberated from the green pigment in the paper by 
the action of a mould growing on it. 

Although this particular instance is not taken 
from our files, it serves to illustrate the diversity 
of problems which face the Bacteriologist. It is 
with such problems—as well as in the everyday 
routine work—that Oxoid Culture Media prove so 
dependable and reliable and, of course, so 
convenient. 


x 


FOR PROGRESSIVE LABORATORIES CULTURE MEDIA 





The use of Oxoid Culture Media ensures constant quality and 
uniformity in your laboratory technique. Absolutely reliable, 
quick, convenient and economical, Oxoid Culture Media are 
available in tablet or granular form. Full details from: 

OXOID DIVISION OF OXO LTD., Thames House, Queen Street Place, London, E.C.4 (CENtral 9781) 
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NEW LABORATORY 
SCAFFOLDING 
(UNIFRAME) 


RALPH CUTHBERT LTD 


26 MORTIMER STREET 
LONDON, W.1 
Tel. MUSEUM 3512/3 


10-16 WESTGATE 
HUDDERSFIELD 
Tel. HUDD. 6323/4/5 
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Universal Bosshead 
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angle in any plane 
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Dine 


B.D.H. fine chemicals for 


industry include compounds 
of uranium, selenium and 
tellurium, and caesium, all 
of them available in substan- 
tial quantities for industrial 


use but of laboratory purity. 


Prices, specifications and samples 
may be obtained from 


B.D.H. 
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Chomeale 
for Industry 


LABORATORY 


Uranium trioxide 

Urany! acetate 

Uranyl chloride 

Urany! magnesium acetate 
Uranyl nitrate 

Urany! sulphate 

also: 

Potassium diuranate 


(so-called ‘uranium oxide orange’) 


Sodium diuranate 


(so-called ‘uranium oxide vellow’) 


Caesium bromide 





Caesium carbonate 
Caesium chloride 
Caesium fluoride 
Caesium iodide 
Caesium nitrate 
Caesium sulphate 


Aluminium selenide 
Selenium bromide 
Selenium chloride 
Selenium dioxide 
Selenous acid 
Seleny! chloride 


Sodium selenate 
Sodium selenite 


Aluminium telluride 
Ammonium tellurate 
Potassium tellurate 
Potassium tellurite 
Sodium tellurate 
Sodium tellurite 
Telluric acid 

Tellurium dioxide 
Tellurium tetrabromide 
Tellurium tetrachloride 


genie, 
(BDH) THE BRITISH DRUG HOUSES LTD. 
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First for fine instruments... 1. 


SHORT & MASON 










THERMOMETERS 


Virtually every type of laboratory, industrial 
and meteorological thermometer is available 
from Short & Mason. Representative of 


the complete range are: 


Anschutz 
Thermometers 


Set of 7, each of 










approx. 55 range, 





covering -10 C 
plus 360°C in0.2°C 







Micro-Bulb Thermometers 
Reading to 360°C in 
1°C or 2°C divisions 


ALSO: HORTVET THERMOMETERS, POCKET TEST 
THERMOMETERS, ETCHED STEM THERMOMETERS, 
LABORATORY STANDARD THERMOMETERS, METEOR- 
OLOGICAL THERMOMETERS, THERMOGRAPHS AND 
HYGROMETERS ETC. 


PLEASE WRITE FOR FREE CATALOGUE & PRICE LIST 


———-_~ 4 
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Beckmann 
Thermometers 

Solid stem with con- 
ventional ‘U’ tube 
adjustment or with 
improved pipette 
adjustment covering 
spans of 6 °C divisions 
in 0.01 °C divisions,12°C 
in 0.02°C division and 
25°C in0.05°C divisions. 
Micro-Beckmann 

model covers 3.5 °C 

in 0.01°C divisions. 


B.S. Calorimeter 
Thermometers 

6°C ranges in 0.01°C, 
12°C ranges in 0.02°C. 


SHORT & MASON LTD. Aneroid Works, 280 Wood St., Walthamstow, London, E.17. Tel.: COPpermill 2203/4 
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INTRODUCING... 


LABACTA 


A NEW BLOOD AGAR BASE 


Research on Amino Acid metabolism has lead to the development 
of a single nutrient medium which provides the growth promoting 
factors required by even the most fastidious pathogens. “Labacta™ 
replaces the combinations of extracts of meat, yeast and Peptone, 
etc. and the multiplicity of formulae which are now extensively used. 
“Labacta™ requires no pH adjustment, is efficient and simple in use. 
It has been carefully tested over a considerable period in the day to 
day work of Hospital Pathologists with consistent and satisfactory 
results. ““Labacta” is available at prices which enable considerable 
savings to be made. 


May we send you full details and a sample for trial in your own laboratory. 


Manufacturers: Bell & Sons Ltd., Liverpool, 3. 


Sole Distributors: 


J. W. TOWERS & CO. LTD., victoria House, WIDNES. 


Branches: Manchester, Liverpool, Stockton-on-Tees, London. 












SOME Astell SPECIALITIES: 


Roll Tube Apparatus for bacteria counts 
Bacteriological Test Tube Seal 

Low Temperature Incubators 
Mechanised Hortvet Apparatus 
Lactometers, Hydrometers & Accessories 
A. & M. Phosphatase test reagents 


Automatic Acidimeter 





Part of the Dairy Laboratory at the Birmingham Co-operative Society, Semi-automatic Media Filler 


Ascell. ° 2 
planned and equigged Sy Ast Gerber Centrifuges and Accessories 


Astell tasoratory service co., 10. 


172 BROWNHILL RD., CATFORD, LONDON, S.E.6. HiTher Green 4814-5 

















c LABORATORY PRACTICE ili eeinatinlasi "May 1959 





/nportent additions + att 8 








; ; *‘DAVISIL’ HEAT-RESISTING CHEMICAL 
These entirely new examples of *Davisil’ heat- GLASSWARE FOR ALL LABORATORIES 


| resisting glassware fulfil the modern require- 

ments of the laboratory. Send now to your DAVEY & MOORE LTD 

Laboratory Furnisher for full details and prices LOCKFIELD AVE., BRIMSDOWN ENFIELD, MIDDLESEX. 
TEL: HOWARD 2722. GRAMS: BOTTLES, ENFIELD. 


The Jeneons ROLACUT... 


PRICE £10 with DIAMOND 


Oe Every glassblower who needS 
to cut tubing needs the new 
Jencons ROLACUT—The dia- 
mond is perfectly set; the rollers 
are of alloy; the base heavy and 
most suitable for the job; the 
finish acid resistant satin 
chrome. The spring loaded ful- 
crum fixing of the diamond arm 
by wing nuts gives adjustable 
height of the arm for various 
tubing diameters, thus main- 
taining correct diamond angle. 
Easily cuts hundreds and hun- 
dreds of borosilicate tubes in one 
hour. 

Tons and tons of Pyrex, 
Phoenix and Silica tubing and 
hundreds of Pyrex Cylinders in 
stock. Precision bore tubing and 
Polished Glass Discs are ex- 
stock. Standard Joints in Silica; 
Cone and Socket or Ball and 
Socket—readily available. Sheet 
heat resisting glass—various 
sizes up to 24 in. in length. 
Carbon-forming Tools; Glass 
Cutting Knives. 






Ae 


Send for our comprehensive sundries leafl 
JENCONS (Scientific) LTD., Mark Road, Hemel Hempstead, Hertfordshire. _Tel.: Boxmoor 4641/2/5 
May 1959 LABORATORY PRACTICE cl 


SS 


et 

















For mixing dry powders, 
granules, etc. 


Complete mixing and blending of 
powders, etc., is obtained in a minimum 
of time by the unique design of the 
interchangeable paddle and _ rolling 
motion obtained from the _ revolving 
rubber tyred rollers which allow easy 
handling of the drums. 
Standard 16” x 20” stainless steel or galvanised 
iron drums can be used. Foot pedal start and stop 
switch being mounted for easy control of the motor. Speed 
of drum 16 r.p.m. (approx.). Capacity of drum 2 cubit feet 
(approx.). Horsepower }. Floor space 2’ 3” x 3’ 6”. 

Fully illustrated and detailed literature on request. 


MANESTY MACHINES LIMITED 
SPEKE, LIVERPOOL 24 


Telephone: Hunts Cross 1972 Telegrams: Manesty Liverpool 24 


TABLET MACHINES - AUTOMATIC WATER STILLS - PUNCHES and DIES 





CAMLAB (GLASS) LTD 
CAMBRIDGE - TEL.57809 








STL 








A SELECTION 


This is a selection from the stan- 
dard range of fractional horse. 
power motors and single and 
double reduction gear units from 
which practically any final speed 
can be given, coupled with vary- 
ing starting and running torques. 


All units are to British Specifica- 
tion 170 and can be supplied to 
C.S.A.specification approval No 
13701 


Fully ball bearing gearboxes, with 
oil seals and phosphor bronze 
gears, can be fitted without di- 
mensional alteration to frame 
sizes and all motors are available 
totally enclosed, if required 


Samples for trial, and test applica- 
tions can be supplied within 7-10 
days and delivery never exceeds 
6 weeks, even on ‘specials’. 


Our Technical Engineers will be 
pleased to call and advise. 


PARVALUX 


LIMITEO 
DHB¢ 70 






THE NEW MODELS 71, 72 from 1.5 to 2.5 KVA 
Self-aligning brush gear 


** Universal fixing centres 


** Choice of ganged or automatic models 


MOTORS 


FROM THE RANGE OF PARVALUX F.H.P. 


HP. P. R.P.M R.P.M 
1/100 1/40 19 0.3 
to to to to 
1/10 1s 330 60 
HP. R.P.M R.P.M. R.P.M 
1/40 2s 20 0.3 
to to to to 
Ws 800 700 19.5 
HP. R.P.M. R.P.M. R.P.M 
1/150 25 20 0.25 
to to to to 
1/30 600 700 is 
HP. R.P.M. R.P.M. R.P.M. 
1/300 22 os 0.2 
to to to to 
1/140 800 60 19 
H.P. R.P.M. R.P.M. R.P.M 
1/40 17 0S 0.2 
to to to to 
1s 680 60 19 
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PARKSTONE, POOLE, DORSET, ENGLAND . Telephone: Parkstone 3827 PBX - Telegrams: Parvalux Parkstone 


Voltage Regulating Transformers 


ame. tine slictninesa. Regulators 








from 250 - 580 VA Models 41 and 42 
** Universal fixing centres 


* Choice sda — or automatic models 


(PATENT PENDING) 


Details available from:— 





IBERCO 


THE BRITISH ELECTRIC RESISTANCE co. Ltd. 
Queensway - Enfield - Middlesex Telephone : HOWard 24/! 
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They are both research chemists but they work in 
widely differing felds; their requirements for 
laboratory chemicals are on the whole distinct. 

















However if you asked them why they obtained their 
supply of laboratory chemicals from May & Baker 
they would give you the same answer. 

They demand reliability and convenience; M&B 
brand laboratory chemicals provide just those 
qualities. 

There are now well over six hundred laboratory 
chemicals in the M&B range. The labels on the con- 
tainers give full individual specifications of the A 
contents. X 


Detailed information is available on request. 





LABORATORY CHEMICALS re | 
AND REAGENTS 





MANUFACTURED BY MAY @& BAKER LTD - DAGENHAM -<: TEL: DOMINION 3060 EXT. 320 
# Platinum Laboratory Apparatus 





Our comprehensive standard 
range of Platinum Laboratory 
Apparatus, manufactured by skill- 
ed craftsmen from materials of 
the highest purity, has been com- 
piled to assist users in selecting 
what is most suited to their needs. 
In cases where a catalogued speci- 
fication fails to me2t requirements, 
we will gladly manufacture in ac- 
cordance with customer's own 
designs. 











Users are invited to avail them- 
selves of our REPAIR AND EX- 
CHANGE SERVICE. 


Literature forwarded on applica- 
tion. Technical representatives are 
always available for consultation 
and advice. 








CENGELHARD INDUSTRIES L72.) 52 HAIGH HOLBORN - LONDON - W.C.1 
BAKER PLATINUM DIVISION Telephone: CHAncery 8711 














oO This is one of the many examples of the high 


a of which this new machine is 


COULD“ 


High speed grinding is particularly desirable 
for repetitive control sampling. Staff 


employed on tedious hand grinding are 
released to do more profitable work. 


The machine will grind samples 
consistently to a given mesh size 


\ 
GRIND relying less upon the judgement 
and _ Perseverance of the 


5 grams of iron ore 
to 300 B.S.S. mesh 
in 30 minutes? 






Standard grinding members 
are of agate and ensure 
complete freedom from 
metallic contamination. 











Y 
Y 





WG 
\ 


Yy 


Vi Wf Yj/yy Wedd. 








V3 YY ld“. 


“IF NOT — YOU NEED AN | Pe 


ALEXANDER Pesto and Mortar “ 





Send a sample for test 


HERBERT ALEXANDER & CO. LTD. 


nae anal tines Hercules Engineering Works 
Charmouth Street LEEDS 11 


By substituting a stirrer and bowl for the pestle and 
Grams & Cables: Alexson, Leeds 11 


mortar units, the machine is converted to a simple 
mixer in a matter of seconds. Phone: 20655 











THE LABORATORY GLASSBLOWERS CO. 


COMPLETE LABORATORY 
FURNISHERS 


Presents: 
THE WATSON 


MARLOW AIR FLOW 
INDUCER 





Patent pending 
Full particulars and prices on 


The fluid, any fluid, flows through 
application 


the pipe and nothing else. 


THE LABORATORY GLASSBLOWERS CO. 


VALLEY WORKS . LANE END ROAD . SANDS . HIGH WYCOMBE . BUCKS 
Telephone: HIGH WYCOMBE 2419 
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IODEVAN 


TRADE MARK 


A NEW CONCEPT 
IN 
ANTISEPSIIS 





Iodevan (an iodophor consisting of a 1°, aqueous solution of 

iodine solubilised with a non-ionic surface active agent) presents 

iodine in a form ideal for disinfection and antisepsis and from 
which the undesirable properties of iodine are eliminated. 


| THE ADVANTAGES OF IODEVAN El 








POWERFUL ANTISEPTIC ACTIVITY: NON-STAINING: It is not permanently 
undiluted IODEVAN contains approx. 8,000 staining to clothes or skin. 
parts per million active iodine. 


TE 
5 


rag 
le 
as 


Re fe 


TOE 
iA. Vibes 


BUILT-IN INDICATOR: the amber colour | 


ABSENCE OF TOXICITY: It is non- 
of IODEVAN is a reliable indicator of the 


corrosive and causes no pain when applied 
to open wounds. germicidal potency of the solution. 









—— ‘ es . — — _— : 
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EVANS MEDICAL SUPPLIES LTD 


LIVERPOOL AND LONDON 


EVANS 


MebicaAL 





694A, 


1809-1959 
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EDITORIAL 


The Tinto] year the budget has come and passed 


Budget into history with very little excitement or 
argument, in spite of the fact that it is one of 
the best for a very long time. As usual some of the 
criticisms have come from those who do not seem quite 
to understand what matters are covered in a budget 
and what are not. Such aspects as increases in old age 
pensions, desirable as they may be, do not fall within 
the scope of the budget. Broadly speaking, we all stand 
to benefit to some extent, but those earning good 
salaries who drink beer and are about to buy a car ora 
television set will benefit most. Any budget, like all 
other aspects of government, must be primarily a 
business matter, and government or ‘politics’ is really a 
question of how to do things rather than what to do. 
Making allowance for the fact that each individual 
wants the biggest possible cut of the national cake, 
there is surprisingly little difference in opinion about the 
major points of policy. 

While a budget must be economically sound, the 
moral aspects must never be overlooked. Further, other 
things being equal, consideration should always be given 
to the fact that the family is the unit of society. There 
has been little controversy about the benefits intro- 
duced, with the one exception of the cut on the beer 
tax, which has surprised everyone including the 
brewers. This concession will not arouse much enthu- 
siasm amongst teetotallers, children and most women 
who account for at least half of the population. There is 
doubtless a good economic reason for this cut, but many 
will think that other things should have been given prior 
consideration. 

What moral obligations were there for the Govern- 
ment to consider? Two examples are outstanding—thke 
totally unjustifiable Schedule A tax and the post-war 
credits. A start has been made on the latter, and there 
are prospects of more rapid repayment, but nothing has 
been done to do away with, or even reduce the inde- 
fensible system of taxing a man because he provides a4 
permanent home for his family. 

Next to these the foremost claim would seem to be in 
respect of household articles. Although only part of 
the population will benefit directly from the income tax 
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cuts, everyone would benefit in some way or other if 
the small tax on domestic goods were to be abolished. 
In terms of total savings to the tax payer, this item is 
small but its psychological effect would be powerful. Of 
the £360 m. total tax cut, 66 per cent is in respect of 
income tax, 22 per cent of purchase tax and 10 per cent 
of beer. The small tax on household articles could have 
been covered by part of the cut in the beer tax. 

The real result of the budget is that trade in general 
will be greatly stimulated, and on the average every 
household (the real social unit) in the country will have 
nearly £40 p.a. extra to spend. Although critics have not 
been slow to point out that the higher the income the 
greater the tax cut, it must not be forgotten that the 
higher income groups still pay an excessive amount of 
tax. A married man with two children still pays over 
half his income if he earns £10,000 p.a. but practically 
nothing if he earns only £700 p.a. There is a moral case 
for increasing the surtax level, and both a moral case 
and a very good economic justification for abolishing 
the absurd penalisation of a capable woman because 
she is married. A man earning £2,000 p.a. pays £493 p.a. 
if he is single, and £376 if he is married with two 
children. The first has £1,500 to keep one person, the 
second £1,620 for four persons, or £405 per head. The 
state could not unreasonably be expected to do more 
for the higher income family man. 

Finally, we must never lose sight of the fact that this 
country is an exporting country producing only 40 
per cent of its own food. We can only maintain our 
position in world markets by our inventiveness. Tax- 
ation should not discourage ability and hard work. 
The most enthusiastic donkey can only carry a lazy 
passenger so far. ; : , ; 


Royal Society—Fellows Elected 

Beale, Dr. Geoffrey Herbert, M.B.E. Senior Lecturer in 
Genetics at the University of Edinburgh, Institute of Animal 
Genetics. Distinguished for his researches on the genetics of 
flower pigments and on nucleus-cytoplasm relations in 
Paramecium. 

Bergel, Prof. Franz. Professor of Chemistry in the Univer- 
sity of London, at the Chester Beatty Research Institute of 
the Institute of Cancer Research, Royal Cancer Hospital. 
Distinguished for his work in synthetical organic chemistry 
in the field of vitamins and drugs. 

Bishop, Dr. Ann, Director of the Medical Research Council 
Group for Research in Chemotherapy, at the Molteno 
Institute of Biology and Parasitology, Cambridge. Distin- 
guished as a protozoologist and especially for her work on 
the malaria parasite and its resistance to drugs. 

Blackman, Prof. Geoffrey Emett, Sibthorpian Professor of 
Rural Economy in the University of Oxford, Department of 
Agriculture. Distinguished for his research work on the 
ecology of wild and cultivated plants and on weed-killers. 

Bondi, Prof. Hermann, Professor of Applied Mathematics 
in the University of London, King’s College. Distinguished 
for his contributions to cosmology, astrophysics and other 
branches of theoretical physics. 

Cassels, Prof. James Macdonald, Professor of Experimental 
Physics in the University of Liverpool. Distinguished for his 
studies of high-energy nuclear physics using particle accelera- 
ting machines. 

Clapham, Prof. Arthur Roy, Professor of Botany in the 
University of Sheffield. Distinguished for his research upon 
many important aspects of ecology and taxonomy, especially 
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those relating to British plants. 

Crick, Dr. Francis Harry Compton, Member of the staff of 
the Medical Research Council Unit for Research on the 
Molecular Structure of Biological Systems at the Cavendish 
Laboratory, Cambridge. Distinguished for his contributions 
to molecular biology. 

Feilden, Mr. Geoffrey Bertram Robert, Director of Re- 
search, Ruston and Hornsby Limited, Lincoln. Distinguished 
for his application of scientific principles to the development 
and design of industrial gas turbines. 

Henderson, Dr. David Willis Wilson, C.B., Director, 
Ministry of Supply Microbiological Research Establishment, 
Porton, Wiltshire. Distinguished for his work on aerosols 
and the pathogenesis of air-borne infections. 

Keynes, Dr. Richard Darwin, Lecturer in Physiology at 
the University of Cambridge, Physiological Laboratory. 
Distinguished for his work on ionic movements in nerve and 
muscle and on the origin of the discharge in electric fish. 

Le Fevre, Prof. Raymond James Wood, Professor of 
Chemistry in the University of Sydney and Head of the 
School of Chemistry. Distinguished for his studies of the 
physical properties of organic compounds. 

Neumann, Dr. Bernard Hermann, Reader in Mathematics 
at the University of Manchester. Distinguished for his 
contributions to the theory of groups. 

Nockolds, Dr. Stephen Robert, Reader in Geochemistry at 
the University of Cambridge, Department of Mineralogy and 
Petrology. Distinguished for his researches on the petrology 
and geochemistry of the igneous rocks. 

Price, Prof. William Charles, Professor of Physics, in the 
University of London, King’s College. Distinguished for his 
contributions to chemical physics, especially to spectroscopy. 

Raynor, Prof. Geoffrey Vincent, Feeney Professor of 
Physical Metallurgy in the University of Birmingham and 
Head of the Department of Physical Metallurgy. Distin- 
guished for his research on the structure of metals and alloys. 

Richards, Prof. Owain Westmacott, Professor of Zoology 
and Applied Entomology in the University of London, 
Imperial College of Science and Technology. Distinguished 
for his researches in entomology. 

Richards, Dr. Rex Edward, Lecturer in Chemistry at the 
University of Oxford, Physical Chemistry Laboratory. 
Distinguished for his work on nuclear magnetic resonance 
and its application to chemical problems. 

Rogers, Prof. Claude Ambrose, Astor Professor of Mathe- 
matics in the University of London, University College. 
Distinguished for his contributions to several branches of 
pure mathematics, particularly the geometry of numbers. 

Salam, Prof. Abdus, Professor of Applied Mathematics in 
the University of London, Imperial College of Science and 
Technology. Distinguished for his contributions to the 
theory of elementary particles. 

Spence, Dr. Robert, C.B., Chief Chemist and Head of 
Chemistry Division, Atomic Energy Research Establishment, 
Harwell. Distinguished for his work on the chemistry of 
radioactive elements, and for his leadership of the Chemistry 
Division of Harwell. 

Tait, Dr. James Frederick, The Worcester Foundation, 
Shrewsbury, Massachusetts, U.S.A. Distinguished for his 
work on the hormones of the suprarenal cortex. 

Tait, Mrs. Svlvia Agnes Sophia, The Worcester Founda- 
tion, Shrewsbury, Massachusetts, U.S.A. Distinguished for 
her work on the hormones controlling the distributions of 
salts in the body. 

Wilkins, Dr. Maurice Hugh Frederick, Deputy Director, 
Medical Research Council Biophysical Research Unit, at 
the University of London King’s College. Distinguished for 
his contributions to the development of reflexion and 
interference microscopy, and for his work on the structure of 
nucleic acids. 

Wooldridge, Prof. Sidney William, C.B.E., Professor of 
Geography in the University of London, King’s College. 
Distinguished for his researches on the geomorphology of 
south-eastern England. 
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ARTICLES 


MORPHOLOGY AND BACTERIAL TAXONOMY 
by G. H. G. Davis, Ph.D. 


Bacteriology Department, University of Birmingham 


Introduction 

The science of taxonomy has two functions, one is the 
provision of diagnoses, the means by which organisms 
may be identified, the other is the elucidation of the 
relationships between organisms, upon a basis of their 
characteristics and natural affinities. Biological taxono- 
my may thus be defined as the classification of living 
creatures according to their natural relationships. 

In determining one’s attitude toward taxonomy and 
the apparent vagaries of taxonomists it should be borne 
in mind that knowledge of the activities of living 
organisms is constantly expanding. All those who 
productively study living things contribute to this 
expansion and whether their object in so doing is 
conscious taxonomic research or not, the information 
produced must be considered and evaluated when an 
organism is being defined. At its simplest level, such 
information may consolidate a definition by the addition 
of a few characters. In its more complex form it may 
split wide apart (or conversely, link more closely) 
groupings previously considered to be taxonomically 
sound. As scientific knowledge is never complete, so 
must taxonomy be always flexible and receptive toward 
new facts; taxonomy is in fact a dynamic science, and 
as such must be expected to yield to change both of 
fact and theory. 

The ideal taxonomic system should take into account 
all the knowledge which has accumulated concerning 
the organisms being classified. The fact that bacteria are 
extremely small, and consequently not easy to study 
morphologically, allied with the early concentration by 
students of other sciences (e.g. Pasteur) upon the 
activities of bacteria rather than the bacteria themselves, 
led to the current use in bacterial systematics of criteria 
derived from a widc range of scientific disciplines, such 
as physiology, ecology, parasitology, cytology, serology, 
chemistry, etc. The application of these various dis- 
ciplines presents the taxonomist with a varied collection 
of criteria pertaining to each organism. It is in the 
determination of how much importance to allot to each 
criterion that the taxonomist fulfills his function. The 
object is to place organisms having similar characters 
into groups, but naturally there are. many ways of 
arranging bacteria so that such groups are apparent, 
and the selection of dividing lines which not only 
indicate natural relationships but also are sufficiently 
constant and easy to determine as to be useful diagnos- 
tically is not so simple. 

The earliest characteristic of bacteria to be recognized 
was their small size. The observations of Van Leeuwen- 
hoek and the later, more critical results obtained with 
the advent of the modern compound microscope, 
showed that even such small living things exhibited 
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recognizable forms. The invention of the pure culture 
technique not only opened the way to the useful applica- 
tion of these morphological and other known character- 
istics of microorganisms in their classification, it also 
relied upon their constancy and uniformity for its 
success. The success of the pure culture method is 
apparent throughout modern bacteriology, but with 
its use came the discovery that the characteristic fea- 
tures of many bacteria were not constant but varied 
with time and environment. As the most obvious 
character of a bacterium is its morphology it was 
natural that variations in this were the first observed. 
To what extent some of the many observations of 
morphological variation, especially some notably 
bizarre early examples, were due to the use of impure 
cultures will never be known, but ignoring this possibi- 
lity it remains true that morphology in bacteria, as in all 
living things, can and does vary. However, in larger 
living things such variations are less troublesome because 
there are more morphological features, not all of which 
will vary at one time. Variation is not of course confined 
to morphological features, indeed very few of the 
known characteristics of bacteria appear to be especially 
resistant to change. 

The discovery of morphological variation in bacteria 
introduced to bacteriology the idea of pleomorphism, a 
concept which in its extreme form denied the existence 
of a large number of discrete bacterial types (or species) 
and suggested instead that all bacteria represented 
morphological manifestations of one or two variable 
species. An example of this is the suggestion by Vicentini 
(1897) that all the bacteria found in human saliva and 
sputum represent phase-forms of one organism, 
Leptothrix racemosa. This so-called organism, which is 
common in materia alba, is probably the result of the 
aggregation of coccal organisms around filaments of 
true Leptotrichia species (Thjotta, Hartmann and Boe, 
1939). 

In opposition to pleomorphism, we have monomor- 
phism, proponents of which suggested that morphologi- 
cal variation in bacteria is negligible and that bacteria 
should be separated into distinct groups (or species) 
on the basis of difference in a single character, as 
typified by the classification of Bacterium or Streptoco- 
ccus in Bergey’s Manual. 

Modern studies into the nature of bacterial variation 
have shown that here, as in other controversial matters, 
the middle course is the best to follow. 

Although it is often neglected by bacteriologists 
working in certain fields, the microscope is still a basic 
tool of bacteriology and by its correct use much can be 
learned concerning the size, shape, grouping and 
cellular structure of bacteria. Modern developments of 
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the light microscope such as phase contrast and dark- 
field microscopy allow bacteria to be studied in the 
living state; the electron microscope with its superior 
magnification can be used to resolve structures previous- 
ly only guessed at. Also, modern ideas in stain tech- 
nology such as the invention of nuclear and cell-wall 
specific methods, as well as the adaptation of serology 
to microscopy as in the specific antibody reaction of 
Tomesik, by which capsules and cell walls can be 
rendered visible by phase contrast, have all led to the 
realization in recent years that there is more to be seen 
in a bacterium than the red or blue oblong shown by 
Gram’s method. : 


Morphology and Natural Relationships 

The definition of taxonomy given above requires that 
any classification of organisms should indicate their 
natural relationships, in other words their phylogeny 
or evolutionary course. The phylogeny of macro- 
organisms, i.e. plants and animals, has been largely 
discovered by the study of fossil remains, and by 
embryology, neither of which can be applied in bacteria. 
The scarcity of accredited fossils and absence of 
embryonic stages of bacteria means that we must fall 
back upon comparative studies of the morphology and 
biochemistry of extant organisms for our information. 
Classifications have been proposed on the basis of both 
morphological and physiological evidence. Unfor- 
tunately, most taxonomic systems which depend entirely 
upon physiological resemblances suffer from the 
disadvantage that they often invalidate the diagnostic 
use of morphological features. Because gross mor- 
phology in bacteria is easier and quicker to determine 
than physiology, and because it was recognized that 
certain well-defined forms, e.g. spheres, rods, spirals, 
occur in bacteria, almost every attempt at bacterial 
classification has depended upon morphological dif- 
ferences to define the main groups. When considering 
such groups from the viewpoint of an evolutionary 
system, however, it is necessary to analyse apparent 
morphological similarities in some detail. For example, 
the coccus was long considered to be the most simple 
and therefore the most primitive bacterial form 
(Kluyver and Van Neil, 1936). Both of these characters 
may however be deceptive. It has been shown that the so- 
called unicellular coccus can in fact consist of two or 
four cells (Bisset, 1953) and it is also possible that some, 
at least of the coccal forms, represent a secondary 
adaptation from more complex forms, the spherical 
shape being more advantageous in terms of nutrition 
and aerial dissemination. The readiness to accept 
apparent gross similarities also led, at one stage, to the 
grouping together of Streptococci and Staphylococci, 
whereas it is now known that the former more closely 
resemble the rod shaped Lactobacilli in both their mode 
of cell division and their physiology. 


The application of morphology in bacterial syste- 
matics is possible at all levels, from the definitions of 
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bacteria as a class of the plant kingdom on the evidence 
of their typically transverse cell division (animal cells 
tend to divide-parallel to the longer axis) and their rigid 
cell walls, down to the differentiation of species in 
certain genera. 

Until the publication in recent years of an evolu- 
tionary scheme for bacteria based entirely upon mor- 


phological evidence by Bisset (1952), one of the salient 
features concerning the evolution of all living things, 
that is their aquatic origin followed by terrestrial adap- 
tation, had been ignored by bacteriologists. Briefly, this 
scheme shows how bacteria which exhibit features 
considered as terrestrial adaptations, e.g. the aerial 
sporing mycelium of Streptomyces, the endospore of 
Bacillus, the fruiting bodies of Myxobacteria, peritri- 
chous flagellation of Proteus and a variety of Gram- 
positive coccal forms, can be related, via various inter- 
mediate forms, to the primitive, Gram-negative, 
entirely aquatic, spiral bacteria possessing polar 
flagella. Supporting evidence for this scheme is found in 
the general multicellularity of Gram-positive genera 
permitting much greater structural diversity than inthe 
Gram-negative; the observation by Pijper (1946) that 
most bacteria exhibit a rudimentary spiral morphology ; 
the work of Klieneberger-Nobel (1947) showing that the 
Streptomyces possess nuclei which resemble very closely 
those of other bacteria and not fungi, thus indicating the 
unsoundness of the previously proposed derivation of 
Streptomyces (and hence all bacteria by degeneration 
processes) from fungi. The suggestion that polar 
flagellation and simple Gram-negative morphology is 
primitive also correlates with the view that the auto- 
trophic mode of life, while not necessarily more 
primitive than the heterotrophic, probably developed at 
an early stage in the evolution of bacteria. Of the known 
autotrophic bacteria, Nitrosomonas, Nitrobacter, Thio- 
bacillus, Chromatium, etc., possess vegetative cells very 
like those of spirilla or pseudomonads, and the iron 
oxidizing bacteria Gallionella and Sphaerotilus show 
their relationship to these organisms by the production 
of simple, polar flagellated, dissemination stages. All 
are Gram-negative and essentially aquatic in habitat 
(Bisset and Grace, 1954). 

At the other end of the scale it is interesting to 
examine the role of morphology in determining relation- 
ships between the various Gram-positive, branching, 
filamentous bacteria, a group which culminates in what 
is perhaps the most highly evolved of bacteria, the 
Streptomyces. This latter genus is morphologically 
highly elaborate, rivalling in complexity the form of 
certain micro-fungi, to which it has commonly been 
related by both bacteriologists, and mycologists (see 
above). Considering the high degree of morphological 

complexity exhibited by these bacteria it is surprising 
how slowly the sy stematics of the group has developed. 
In this field probably more than any other there is a 
great opportunity to reap a taxonomic harvest from 
close morphological study. Early efforts in this direc- 
tion, notably those of Dreschler (1919) provided sound 
basic information upon the structural features of 
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Streptomyces. The morphology of the other important 
genus, Actinomyces, however, was less well described. 
This was probably because the latter are parasites of 
animals and man, whereas the former are saprophytic 
soil dwellers, with, until recent years, no economic 
stimulus to their study. It may seem paradoxical, but in 
such circumstances the apparently useless Streptomyces 
were studied by people interested only in the organism, 
whereas the students of Actinomyces had other con- 
siderations, such as pathogenicity and therapy in view, 
to which the study of the organism proper was only 
incidental. The discovery of valuable antibiotic pro- 
ducing potentials in the Streptomyces has stimulated the 
study of these and related bacteria during the past 
decade. Most of this work has been toward a better 
understanding of the physiology and biochemistry of 
the group, but some advance has also been made in the 
field of morphology. Streptomyces (Klieneberger- 
Nobel, 1947) and Actinomyces, Nocardia and Micro- 
monospora (Morris, 1951 and 1952, Batty, 1957) have 
been shown to possess life-cyles in which two cultural 
phases occur analogous to the haploid-diploid alterna- 
tion of generations in higher plants. In Streptomyces and 
Micromonospora the two phases (primary and secondary 
mycelium) have long been recognized. In the other two 
genera, however, the morphological changes involved 
in the life-cycles have usually been attributed to 
‘pleomorphisnyY and their cyclic nature unrecognized. 


According to Klieneberger- Nobel (1947) Streptom vees 
spores germinate to produce a slender primary mycelium, 
branches of which fuse one with another yielding 
specialized cells in which nuclear fusion takes place and 
from which the secondary, thicker, less branched 
mycelium is initiated. The fusion cells are termed 
‘initial cells’. In the secondary mycelium, which is aerial 
in Streptomyces, nuclear reduction division occurs just 
prior to the segmentation of hyphae into chains of 
spores. As can readily be seen, the essential feature of 
this scheme is the formation of the ‘initial cells’ followed 
by nuclear fusion. Klieneberger-Nobel was unable to 
determine the exact mode of cell fusion but suggested 
that it occurred in the ‘nests’ of tangled primary 
mycelium which can often be observed. Other workers 
have claimed to demonstrate initial cells, but each 
claim varies in detail, and none has so far been con- 
clusive. Studies by Dickenson and Macdonald (1955), 
McGregor (1954) and Wilkin and Rhodes (1955) 
illustrate this fact. It has also been claimed by Erikson 
(1949 and 1955) that hyphal fusions do not occur and 
that individual hyphae actually avoid mutual contact. 
There is however genetical evidence, Bradley (1957), 
Sermonti and Spada-Sermonti (1956), that gene 
recombination does occur between Streptomyces strains 
and presumably involves the fusion of hyphae. 


Micromonospora has a life-cycle very like that of 
Streptomyces (Morris, 1952) including the formation of 
initial cells by direct hyphal fusion. The main difference 
between these two genera is in spore production, the 
spores of Micromonospora being produced individually, 
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either sessile or on short side branches upon the 
secondary mycelium, which in these aquatic bacteria is 
not aerial. Two newly described genera, Waksmania 
(Lechevalier and Lechevalier, 1957) and Thermo- 
actinomyces (Waksman and Clarke, 1953) may be 
considered as intermediate between Micromonspora and 
Streptomyces in that both produce aerial secondary 
mycelium, the Thermoactinomyces bearing spores singly, 
and in most other respects representing a terrestrial 
form of Micromonospora, and Waksmania producing 
spores in pairs. Another saprophytic genus named 
Actinoplanes by its discoverer (Couch, 1954) appears to 
be related to this group of genera in overall character, 
but exhibits certain features, such as the formation of 
motile spores inside large sporangia, which require 
further examination before exact relationships can be 
assessed. Apart from the motility of the spores, their 
formation inside sporangia from which they escape via 
small pores is not too far removed from the recently 
described mode of spore formation in Streptomyces 
itself by Vernon (1955). This worker indicated that 
Streptomyces spores form by fragmentation of the 
hyphal protoplasm, each fragment being rounded off to 
produce a spore but the hyphal cell wall remaining 
unsegmented. The cell wall then splits longitudinally and 
peels away to expose a chain of spores. It has long been 
a matter of debate whether Streptomyces spores are 
formed in this manner or by simple segmentation of the 
complete hypha; Lachner-Sandoval (1898) described 
both processes but Dreschler (1919) suggested that only 
the latter represented true spore formation and that the 
former appearances were due to hyphal degeneration. It 
is possible to find similar forms in other organisms, for 
example Leptotrichia dentium (Davis and Baird-Parker, 
1958), a common human oral parasite with definite 
actinomycete characters, often exhibits apparently 
empty filaments (Bulleid 1924) and filaments in which 
the protoplasm appears to have aggregated into 
separate fragments. Closer study of the processes of 
sporulation in these organisms is clearly required, and 
will almost certainly be of taxonomic value. In this 
context the recent study by Bisset (1957) showed that 
Streptomyce s are capable of producing morphological 
forms in the primary mycelium which resemble very 
closely the immature spores of Micromonospora and the 
spores of Actinomyces as described by Batty (1957) and 
Morris (1951). There seems good reason to believe that 
the specialized parasitic Actinomyces and certain 
Leptotrichia species (Baird-Parker, and Davis 195s) as 
well as saprophytes such as Nocardia and Micromono- 
spora which are specialized in their unusual nutritional 
capabilities or habitat, may have evolved by degeneration 
from a Streptomyces-like ancestor, which itself evolved 
to the terrestrial habit from a primitive aquatic form. In 
such matters it is most difficult to decide which organ- 
isms are primarily and which are secondarily primitive 
in form. 


The application of cell wall analysis by chromato- 
graphy to the taxonomy of actinomycetes recently 
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provided a new method of classifying the group. Results Nocardia and Streptomyces are entirely distinct in cell . 

obtained by Cummins and Harris (1957) were found to —_ wall composition and it is impossible to account for the t 
correlate closely with only one of the many classifica- distinction by postulating biochemical differences c 
tions proposed by other workers using different criteria between the primary and secondary mycelial phases. s 
for establishing taxa. This was the system of Bisset and The only reasonable action to take in doubtful cases is b 
Moore (1949) based entirely upon morphological to give the organism every opportunity to exhibit its t! 
characters in which the Streptomyces-Micromonospora morphological potential, both by growth on a variety of tl 


group are differentiated from the Actinomyces-Nocardia _ media, and possibly the use of other stimulating factors v 
group by the possession of permanent branching by the _ such as that reported by Dondero and Scott (1957). : W 
former and impermanent branching by the latter. In An excellent example of the value of cytological n 
the second group Actinomyces is differentiated from the evidence in elucidating phylogenetic relationships has n 
Nocardia, Mycobacterium, Corynebacterium group by _ been provided by recent work upon the nitrogen fixing th 
differences in cell form and arrangement. bacteria, Rhizobium and Azotobacter. The occurrences e 
One problem which remains unexplained is that of in cultures of these Gram-negative bacteria of atypical g 
the common confusion between certain so-called Gram-positive forms resembling Clostridium was Oo 
Nocardia species and Streptomyces. It is obvious that claimed by Lohnis and Smith (1916 and 1923) but was ce 
certain Nocardias, for example Nocardia asteroides, as | regarded by other workers as the result of contamina- is 
described by Gordon and Mihm (1958) are Streptomy- tion. However, Bisset (1952) observed similar Gram- : ti 

ces. It appears equally likely that the so-called Nocardias positive spore forming bacilli in strains of Rhizobium, 

of Bradley and Anderson (1958) are Streptomyces in and the same worker (Bisset, 1955) recorded a tendency 
which the property of aerial mycelium production had to Gram-positivity and certain other characters which o' 
been lost. Variation in this property is well known indicate relationship between Azotobacter and other ! “ 
(Jones, 1949) and has in the past led to the frequent _ nitrogen fixing bacteria, i.e. Rhizobium and Clostridium. a 
reference to non-sporing Streptomyces as Nocardias. These observations were expanded by Bisset, Baird- ty 
Morphologically it is possible that Nocardia represents Parker, Hale, Jeynes and Lawrence (1957). Upon = 
Streptomyces in which only the primary mycelium, morphological evidence it is suggested that Azotobacter “ 
possibly modified, can occur. On the other hand cell and Rhizobium, both of which are aerobic and to a U 
wall analyses by Romano and Sohler (1956) and variable extent Gram-negative, are related by virtue of ps 
ce 


Cummins and Harris (1958) showed conclusively that their tendency to Gram-positivity, the endospore-like 
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nature of their cysts, etc., to the Bacillaceae. The other 
genus in which nitrogen fixation is known to occur, 
Clostridium (Rosenblum and Wilson, 1949) is also 
clearly related to this family. It is noteworthy that Bisset 
(1952) stated: ‘Rhizobium appears to bear the closest 
resemblance to the Bacillus polymyxa group, in habitat, 
biochemistry, tendency to loss of Gram-positivity, and 
even in such details as the morphology of the spore and 
the appearance of cultures’. With this in mind, it is 
significant that an organism closely resembling Bacillus 
polymyxa has recently been found capable of fixing 
atmospheric nitrogen, by Hino and Wilson (1958). It 
therefore seems highly probable that Rhizobium, 
Azotobacter and Clostridium are relatives of the 
saprophytic Baccillus group which by specialization and 
the adoption of a parasitic existence have become 
differentiated from the typical members of the group. 


Morphology in Diagnosis 

While it is a relatively common practice to use mor- 
phological characters in diagnosis to the generic level, 
their help in differentiating species within genera has 
been regarded with suspicion. ere is no reason why 
taxonomically valuable morphological features should 
not differ between species. Theoretically, any physiolo- 
gical difference between organisms must be reflected in 
their morphology. In practice it is at present technically 
possible to detect only relatively gross morphological 
differences, and consequently many groups or species 
which differ physiologically only slightly, appear to us 
to be identical in morphology. 


Bacterial taxonomy is beset by many problems, both 
technical and theoretical, and one of the most signifi- 
cant of these is the impossibility of defining the term 
species as applied to bacteria. In all other fields of 
biology (except virology in which the arbitrary nature of 
the species is even more obvious than in bacteriology) 
the species is defined as a group of organisms within 
which interchange of genetic material can occur, but 
which is restrained by barriers, be they geographical, 
mechanical or physiological, from exchanging genetic 
material outside the group. Species so defined are 
therefore natural groups at a certain point in the 
evolutionary scale. The bacterial equivalent of such 
groups is a population derived from a single cell, for 
only in such a population can genetic homogeneity be 
certain. If the species rank is to be useful in taxonomy it 
is clearly not possible to apply it to every pure popula- 
tion, i.e. every isolate. 


In practice the bacterial species is an arbitrary group 
of populations in which recognizably similar characters 
occur, but which can vary in detail. The type cultures of 
each bacterial species should in theory present the 
typical characteristics of the species, in other words a 
modal point around which basically similar but slightly 
variant cultures or populations can be grouped. 
Unfortunately, the type culture concept has become 
petrified in much the same way as the concept of pre- 
cedence in nomenclature. Many so-called type cultures 
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TABLE I 


Key to the genus Lactobacillus 
A. No gas produced in glucose fermentation. 
1. Growth at 45°C. but not 15°C. 


(a) Rough, flat, tangled colony. 
Long, rigid cells; single, paired or chained. 
AEsculin hydrolyzed. 
Salicin fermented. 
-L. acidophilus. 
(b) Smooth colony. 
Short cells; single and paired. 
AEsculin not hydrolyzed. 
Salicin not fermented. 
-L. salivarius. 


2. Growth at 15°C. 
AEsculin and Mannitol fermented. 


(a) Smooth colony. 

Short cells; single and paired. 
Arabinose fermented. 
-L. plantarum. 

(b) Young colony medusoid, old colony smooth. 
Short cells; curling chains. Arabinose not 
fermented. 

-L. casei. 


B. Gas produced in glucose fermentation. 


1. Smooth colony. 
Short square cells; single and paired. 
Growth at 45°C, 
-L. fermenti. 


2. Semi-rough colony. 
Cell-form variable. 
No growth at 45°C. 
(a) Melezitose and Raffinose not fermented. 
-L. brevis. 
(b) Melezitose and Raffinose fermented. 
-L. buchneri. 


are simply the earliest described cultures and should be 
viewed as interesting historical items rather than 
essential to taxonomic usage. Lacking a natural, or any 
other, definition of species in bacteria it is only possible 
to look upon the term as the lowest common denomina- 
tor of the taxonomic hierarchy. Naturally enough in the 
circumstances the significance of the term varies greatly 
from genus to genus. In some genera four or five species 
are listed, each clearly differentiated by numerous 
characters; in other genera, over a hundred species are 
listed, varying one from another in very minor ways. 
The latter situation usually occurs in those genera which 
have received intense study because of their economic or 
medical importance, e.g. Salmonella. In such cases the 
species level almost corncides with the isolate (or clone) 
level already referred to. As also stated above, it is 
usually technically impossible at present to detect 
morphological differences between groups which vary so 
little physiologically. However, in those genera con- 
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Plate 1. Lactobacillus colonies all at x 20. Figs. 1, 5, 9, 13. L. acidophilus. Figs. 2, 6, 10, 14. L. casei. Figs. 3, 7, 11, 15. L. 

brevis. Figs. 4, 8, 12, 16. L. fermenti. Figs. 1-4, 48 hr. colonies on Tomato-juice agar of Davis, Bisset and Hale (1955). Figs. 

5-8, 48 hr. colonies on Casein partial digest fermentation medium of Davis (1955), plus glucose 1 per cent and agar 1-5 per cent. 
Figs. 9-12, 48 hr. colonies on S. L. agar of Rogosa ef al. (1953). Figs. 13-16, 48 hr. colonies on Oxoid tomato juice agar. 
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taining only relatively few, well-defined species it is 
often possible to rely upon morphology to a large 
extent in their diagnosis. An example of this is afforded 
by the genus Lactobacillus. Almost every known method 
of classifying bacteria has at one time or another been 
applied to this genus, ranging from gross morphology to 
phage typing. Relatively little success was achieved until 
1953 when Rogosa er al. defined nine species using 
biochemical and nutritional characteristics. Essentially 
similar groupings were obtained by Wheater (1955 a and 
b), Davis (1955), Grubb and Krasse (1953) using bio- 
chemical methods, by Sharpe (1955) using serology, and 
recently by Goulden and Sharpe (1958) using infra-red 
absorption spectra data. It is clear that the agreement in 
the results of these different workers and different 
methods indicate that the species so defined are sound 
and valid, if not natural. For routine use however a 
classification should be not only accurate but also 
simple and rapid, qualities not found in certain of the 
methods referred to above. For this reason morphologi- 
cal studies were made and shown to provide a simple, 
quick and accurate diagnosis of the main groups (Davis, 
Bisset and Hale, 1955; Davis, 1956). The morphology of 
Lactobacillus species is represented in Fig 1. Although 
not infallible (see Hayward and Davis, 1956) the 
identification of species on the basis of morphology can 
be carried to the point where only a few other simple 
tests are needed to confirm the diagnosis (see Table I) 
which is a considerable advance upon previous classi- 
fications which entailed the use of a very large range of 
tests. In addition to cell form and grouping as shown in 
Fig. 1, the colonial morphology also correlates with 
species limits in Lactobacillus. It is well known that 
environment can affect the colonial form of an organism 
but in this genus the changes caused by growth upon 
different media appear relatively slight. Plate 1 shows 
the colonies of four species grown upon four media and 
it can be seen that the surface and marginal characters 
of these colonies are little affected although considerable 
variation in size is apparent. 

To conclude, I have attempted to point out some of 
the ways in which morphological study of bacteria, 
taking advantage of the technical advances obtained by 
the recent revival of interest in bacterial cytology, can 
help students of the group to understand more clearly 
the relationships between organisms and at the same 
time provide information useful in identifying them. It 
is certain that further improvement in techniques will 
provide still more, and perhaps solve some of the 
outstanding problems still confronting bacterial 
taxonomy. 
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Russian Journal of Inorganic Chemistry 


Starting with the January 1959 issue, The Chemical Society 
is to publish, with the support of the Department of Scientific 
and Industrial Research, a cover-to-cover translation of the 
monthly journal, Zhurnal neorganicheskoi Khimii, a publica- 
tion of the Academy of Sciences of the U.S.S.R. The transla- 
tion will be undertaken for the Society by Infosearch Ltd., 
and the Society has appointed Prof. P. L. Robinson as 
Executive Editor of the publication. Prof. Robinson will be 
assisted by an advisory panel of distinguished inorganic 
chemists. 

The sale and distribution of the journal will be undertaken 
by Cleaver-Hume Press Ltd., 31 Wright’s Lane, London, 
W.8, from whom a detailed prospectus giving the scope of 
this journal may be obtained. 

Translations will be issued in monthly parts as soon as 
possible after the Russian original is available. The sub- 
scription rate will be £30 (U.S.A. $90) per annum, but 
Universities and Technical Colleges may subscribe at a 
discount of 25 per cent. Single issues can be purchased at £4 
(U.S.A. $12) per copy to all purchasers. 

The Society also hopes to start the publication within the 
next year of translations of the Russian ‘Journal of Physical 
Chemistry’ (Zhurnal fizicheskoi Khimii) and ‘Progress in 
Chemistry’ (Uspekhi Khimii). 


British Scientific Attaché Post in Moscow 


Mr. D. A. Senior, M.A., A.M.1.E.E., has been appointed to the 
newly created post of Scientific Attaché to the British 
FEmhassy in Moscow. He will advise the British Ambassador 
(Sir Patrick Reilly) on scientific matters and report on 
Soviet scientific and technical development in the civil field. 
Mr. Senior joins the D.S.I.R. from the Royal Naval 
Scientific Service. Since 1950 he has been at the Admiralty 
Research Laboratory, Teddington, mainly investigating 
problems of instrumentation and combustion. Recently, he 
carried out a study of acoustic methods of fish-finding. 
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PART III—CHROMATOGRAPHIC OVENS 


HERE are several types of laboratory ovens, 

commercially available, which have been styled 
‘chromatographic ovens’. Some are simple ordinary 
ovens which have been ‘adapted’ for chromatography. 
Others, so it has been claimed, have been designed with 
the sole purpose of being used as chromatographic 
ovens. Some investigators order ovens to their own 
specifications, while many are persuaded to buy the 
commercially available ones. One may therefore wonder 
which type of oven is particularly suitable for chromato- 
graphic drying. The author has examined quite a 
number of ovens styled as “chromz itographic ovens’ and 
has been surprised by the lack of attention to element: iry 
requirements of design. 

The sequence of steps involved in paper chromato- 
graphy includes two stages in which the use of an oven 
is advantageous if not essential*, viz. 

Solvent drying off the chromatographic paper. 

2. Heating of the paper after application of staining 

reagents. 

Both stages, more often than not, produce toxic 
vapours** which should be remov ed via a fume- 
cupboard or some other modified form of exit into the 
open. Some of the solvents inv olved are far more toxic 
than others and require longer drying periods, but at 
lower temperatures (e.g. phenol-water chromatograms 
of aminoacids which should be dried preferably below 
50°C.) than others. However, many chromatographic 
developments can be carried out effectively and rapidly 
only at higher temperatures such as 100-110 C. Because 
of this it is usual to find two kinds of ovens in many 
laboratories, and the types of oven examined often do 
not conform to the minimum requirements. The author 
has therefore developed a chromatographic oven w hich 


fulfils such requirements and, further, is capable of 


being used in places which do not possess a fume- 
cupboard. 


Consider the principles governing the construction of 


a good chromatographic oven. These are: 
(a) Vapour removal.—A steady current of air heated 
to the correct temperature should be passed over the 


chromatographic paper to ensure effective removal of 


the toxic solvent. 

(b) Suction—The pressure inside the chromato- 
graphic oven must be /ower than that of the external 
pressure. If the reverse were the case, then 


*The drying of the solution ‘spot’ after its initial placing on the paper is 
best carried out by means of a ‘hair drier’ or other readily applicable source 
of heat. 

**Most chromatographic solvents contain toxic substances, e.g. pyridine, 
formic acid. Some location reagents are carcinogenic, e.g. benzidine. 
Regular inhalation of some constituents of chromatographic solvents may 
lead to allergy. 
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(i) leakage of toxic vapours tends to take place via 
minute gaps into the room with resulting unplea- 
sant and dangerous effects; 

(ii) opening of the door before drying is complete 
results in the toxic vapours being forced into the 
laboratory atmosphere; 

(ili) the higher the pressure inside the oven, the 
greater is the probability of collision of the solvent 
vapours with the internal surface of the oven, and 
therefore the greater is the probability of corrosion 
of this surface. 

Now, the pressure inside an oven can be made 
lower than that of the surroundings, when suction 
is employed to cause the current of air. Hence, air 
should not be forced into the oven with a fan, but 
rather be removed by a suction fan. 

(c) Vision —The door, or a good part of it, should be 
transparent* so that the Cegree of dryness of, or 
development of, the chromatogram can be readily 
assessed without having to open the door and therefore 
lower the temperature of the oven. 

(d) Dilution of toxic vapours——The toxic vapour 
should be diluted and distributed so as to be no longer 
toxic. This is usually carried out by means of a fume- 
cupboard and a pipe exit which emerges above the 
building where it is mixed by the wind with the rest of 
the atmosphere. Sometimes, however, the laboratory 
may not have a fume-cupboard and it may face front- 
ways where it is not possible or permissible to erect a 
pipe leading to the top of the building because of 
‘disfiguration’ considerations. It is then necessary to 
use a suction fan outlet which can be mounted in a 
window, such as a Vent-Axia fan. The emanating air 
must be suitably diluted at the start so that its toxicity 
and corrosive properties are minimal. This can be 
effected by using a suction fan having a sufficiently 
large cubic feet capacity. Now, if a very large quantity 
of air is sucked through the oven, the dimensions of the 
heaters required to control the air temperature become 
excessively large, and the time interval required to 
control the oven temperature as a whole may also vary 
considerably. Further, too fast a current of air increases 
the probability of the wet chromatographic papers 
being torn. The problem of dilution can te readily 
solved, still using a large suction fan, by splitting the 
expelled current of air into two parts, viz. the fraction 
that goes through the oven itself and another fraction 
which is taken separately from the laboratory and 


*It is preferable to have such an arrangement rather than an internal 
glass door and the usual external door, because it should be possible to see 
what happens at a glance. 
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mixed with the first one prior to expulsion into the open. 

(e) Thermostatic controls and time controls.—A 
thermostatic control of electrical heating should be 
incorporated, and so should a time control mechanism. 
The latter is a considerable time saver, because it 
enables the investigator to devote his attention in the 
meantime elsewhere and reduces the chances of acci- 
dents. 

(f) Air filtration and direction.—The air entering the 
drying oven should be filtered. The direction of airflow 
should be downwards to allow for paper chromato- 
grams which are merely suspended from above (e.g. 
when solvent descending techniques have been used 
without attachment at both ends of the paper). 

Consider now the constructional details which fulfil 
the above requirements. 

(i) Internal dimensions.—These depend on_ the 
requirements of the particular laboratory. Chromato- 
grams vary in size and the natural preferences of 
different investigators may differ considerably. Allowing 
for the large height of 60 cm. which should accommo- 
date both the chromatogram and its frame, it is still 
necessary to allow for depth of heating elements and 
separation between them and the top of the frame to 
enhance the mixing of the heated air before it passes 
over the chromatograms (see /ater). A depth of 30 to 
40 cm. and a width of c. 40 cm. covers most types of 
width of chromatogram and frames which can accom- 
modate a number of them. 

(ii) Controlling switches.—These should be situated 
within easy reach. Assuming the oven to be placed on 
the ordinary laboratory bench, this requirement is 
fulfilled when the series of switches is placed horizon- 
tally at the bottom of the oven. 

(iii) Intake of air—The oven may be completely 
open at the top, when a grid must be placed there, just 
within the frame, to allow a suitable cloth* to be 
placed there and kept in position. Alternatively, entry 
of the air may be achieved via a pipe inlet, the external 
opening of which must be covered by a suitable filter. 

(iv) The electrical heating system.—Several placings 
and arranging of this are feasible. The important re- 
quirement is that the air should reach the chromato- 
grams evenly heated. Several complicated systems can 
be adopted to ensure this. Probably the least expensive 
and simplest method is to arrange the depth of the 
heating space to be as large as possible in relation to its 
cross-sectional area. A simple compromise in this 
connection is to employ a single coil heater element 
wound or held on a suitable frame inside the pipe inlet 
into the oven; the diameter of the pipe should be as 
small as possible to ensure that the air be in close 
proximity to the heater. If considered advisable, a fan 
arrangement driven by the inrushing heated air should 
be employed to increase air mixing. 


*The filter cloth should not be of a too loosely woven material. It must be 
able to remove dust and grime from the air as much as possible. The 
associated slowing of the current of air is advantageous in that the small 
partial vacuum achieved results in speedier evaporation of the chromato- 
graphic solvent. Consden (1954) used a glass-cloth for the filtration. 
However, cotton-cloth is quite effective and is cheaper and easier to 
replace. 
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Fig. 1. Air-mixing box. 


(v) Internal lining metal.—This should be a corrosion- 
resisting material such as stainless steel or Monel metal. 

(vi) The air mixing box.—This may be incorporated 
in the overall oven structure or be constructed separately 
from it. A separate mixing box, such as that constructed 
in this laboratory is shown in Fig. |. It is made of glass 
sheets and hardboard held together at their edges by a 
minimum of wood and having a side door, made of 
hardboard, which can readily regulate the supply of 
diluent air. Control of this supply can also be used to 
assist in temperature control, because increase in the 
proportion of diluent air results in decrease of air 
current past the heating elements. Entry of the air pipe 
leading from the oven is made through a hole in the 
hardboard. The mixing box has been in use for over two 
years and the non-glass components have so far not 
shown any signs of deterioration. 

(vii) The suction fan —This should preferably be made 
of, or covered by, a material that can withstand corro- 
sive vapours. The sucked air should not pass over the 
elements of the motor. The fan used so far in this 
laboratory is a Vent-Axia suction fan and this fulfils the 
above requirements. No sign of deterioration has so far 
been noted on it. 

(viii) Wiring —The usual precautions should be 
taken. The wiring should be arranged so that the 
heaters cannot operate without the suction fan. 

The above considerations are inherent in the con- 
struction of a sound chromatographic oven, but they 
have been overlooked in the design of several ‘chroma- 
tographic ovens’ on the market. 


The Use of Fume-Cupboards for Drying Chromatograms 
In some laboratories no special chromatographic ovens 
are available and it is customary to place the chromato- 
gram in its frame in the fume-cupboard and to use a 
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blower fan to remove the chromatographic solvent. This 
method is wasteful in that it requires a blower fan in 
addition to the fume-cupboard. Further, a single small 
blower fan will cover only one of the usual 10 in. 

10 in. chromatographic frames, and if two or more 
such frames have to be dealt with simultaneously more 
fans are required. The author has therefore developed a 
simple frame system which when placed just within the 
front frame of the fume-cupboard dispenses with the 
use of blower fans and can be used for more than one of 
the usual chromatographic frames. The wooden frame 
fits widthways into the fume-cupboard, and the fume- 
cupboard door rests on it. Vertical pieces of wood with 
grooves in the frame allow vertical movement and 
removal of hardboard doors. Hardboard wood boxes 


are placed behind the structure and the doors. Their 
size and that of the doors is such as to allow the required 
chromatographic frames to fit within (Fig. 2). It was 
found that loose contact between the boxes and the 
wooden frame was sufficient to ensure a good suction 
over the chromatographic frame. Heated air can be 
made to pass over the chromatogiaphic frame when a 
heating system is placed in front of the openirg. Such a 
crude system is effective, but the air temperature is 
bound to be unevenly distributed, and for consistent 
results it is preferable to use a good chromatographic 
oven. 


REFERENCES 
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Recent British Standards 


Freezing Point Test - 
A new publication (B.S. 3095:1959, price 6s.) specifies a 
standard method of determining the freezing-point depres- 
sion of milk and of expressing the results in terms of added 
water. The freezing-point depression is the least variable 
characteristic of fresh milk and its determination provides 
the most reliable test for the presence or absence of added 
water. ae 

The method specified is that of Hortvet. His original 
description, however, contained ambiguities in certain 
matters of technique which, interpreted in different ways, may 
lead to discrepancies in the results. This British Standard, 
therefore, specifies the procedure more precisely in order to 
ensure reproducible results. For example, details of manipu- 
lation (e.g. stirring and tapping) are given to ensure that a 
true maximum reading of the mercury column is attained, 
and that a low reading, caused by sticking of the meniscus 
before it reaches the maximum, is avoided. The components 
specified in the standard are, however, those which have been 
in general use in the United Kingdom for some years. 

To obtain accurate results, careful calibration of the 
freezing-point thermometer is essential. Two methods of 
calibration are described in the Standard as follows: 

Method 1. Hortvet originally referred his freezing-point 
depressions to thermometers calibrated on the temperature 
scale used by the U.S. Bureau of Standards. The new 
Standard gives directions for thermometer calibration by the 
National Physical Laboratory, or equivalent institutions in 
other countries, and for the correction of readings with the 
help of the certificate issued. 

Method 2. Hortvet subsequently recommended calibra- 
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tion of the thermometer by reference to the freezing-point 
of water (0°C.) and sucrose solutions (w/v) of 7 per cent 
(-0-422°C.) and 10 per cent (-0-621°C.). These intervals are 
too great, as the bores of the capillaries of thermometers are 
irregular. Moreover, it has been shown that reliable and 
reproducible readings are difficult to obtain when the 
concentrations of sugar solutions exceed 8-75 per cent. For 
these reasons the calibration procedure has been modified 
and now provides for the use of five sucrose solutions 
covering the temperature range -0-422°C. to -0-537°C. 

The availability of a thermometer calibrated at the N.P.L. 
or an equivalent institution has the particular advantage that 
by determining the freezing-point depression of one or more 
of the specified sucrose solutions the operator can check the 
correctness of his technique, since the values obtained 
should agree with those given in the Standard. 


Determination of Water by the Karl Fischer Method 

When B.S. 2511, for determining water by the Karl Fischer 
method, was published in 1954, it was indicated that the 
method as given was not applicable, without modification, 
to the determination of water in ketones, because these 
react with constituents of the Fischer reagent. The addendum 
now published as Part 4 of the Standard (price 2s.) gives the 
modifications necessary to the electrometric procedures in 
Parts | and 2 of the 1954 edition to permit the determination 
of water in ketones. 


Copies of these Standards may be obtained from the British Standards 
Institution, Sales Branch, 2 Park Street, London, W.1. 
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APPARATUS AND DEVICES 


A SIMPLE AND ROBUST THERMOREGULATOR 
by R. McFadyen and R. H. Thorp 


Department of Pharmacology, University of Sydney 


LTHOUGH a number of thermoregulators are 
Picunadin available they suffer from several 
disadvantages, not the least of which are fragility and 
expense. 

In these laboratories the need has been apparent for 
some years for a simple and inexpensive thermoregula- 
tor for water-baths for student class experiments, and 
also for a reliable device of greater sensitivity for 
incorporation into isolated organ baths of standardized 
design for research purposes. The following criteria 
were considered to be essential and experiments were 
made to design a thermoregulator which met them: 

1. The temperature differential for student class 

equipment should be less than +0-25°C. 

2. The regulator should switch heating circuits 
directly without accessories such as relays or hot- 
wire switches. 

3. The switch contacts should be capable of switching 
at least 2 amps. to allow the use of bare-wire 
heaters operating on low voltage so that the 
student apparatus could be shockproof. 

4. The regulation of baths for research purposes 
should be +0-1°C. or better, but these could be 
operated at the standard mains voltage (240V. 
A.C.) using immersion heaters of a suitable type 
as they would be used by more competent persons. 

These criteria indicate that the use of some form of 
bimetal strip operating a micro-switch directly would 
probably form the only practical design. 

As the sensitivity of bimetal strips is low and their 
flexibility is high a new design was evolved consisting 
of a laminate of stainless steel and Perspex which was 
coiled into an open ended circle (Fig. 1) 3-4 in. in 
diameter. 

Perspex has a coefficient of expansion about 10 times 
that of stainless steel and such a laminated strip 
arranged as shown in the diagram can push an actuating 
rod with a force depending upon the width of the strip. 

Perspex has the disadvantage that it is slightly 
hygroscopic and hence the element is enclosed in a 
sealed case of.copper shim or coated to exclude mois- 
ture. The laminated strip is constructed by forming a 
heated strip of Perspex round a wooden rod of the 
appropriate diameter and cementing this inside a band 
of stainless steel with ‘Araldite’ cement. A suitable 
thickness of Perspex is sin. to 4 in., and stainless steel of 
0-03 in. thick provides a sufficiently rigid laminate. 

Araldite cement has proved quite adequate in place of 
rivets used in early prototypes, especially as the Perspex 
is inside the metal circle and has the greater expansion 
coefficient. After the element has been formed it is 
enclosed in copper foil 0-002 in. thick which has been 
cleaned and shaped to form a jacket. All the joins are 
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Fig. 1. 


soldered and the jacket is sealed to the steel strip with 
solder using phosphoric acid as a flux. This is important 
to prevent drift and can be made certain by oil-filling 
the jacket. 4 

The usual micro-switch is capable of breaking 10A. 
at 240V. but requires an operating force of 10 02. The 
phosphor bronze moving element is normally 0-01 in. 
thick and this can be replaced by a similar one 0-005 in. 
thick which reduces the operating force to approximate- 
ly 4 .0z. The switch so modified showed no damage after 
repeatedly switching 2A. and still has a very positive 
action. Alternatively the tension of the original moving 
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element can be reduced and the contacts brought closer 
together thus reducing the differential. It is possible that 
a greater current could be handled and also that a 
more pressure sensitive micro-switch might be com- 
mercially available although the modifications are very 
simple to carry out. : 

A thermostat using the regulator illustrated in Fig. | 


maintained 5 litres of water at 37°C. for several days 
with a differential of 0-07°C., the current switched 
was 2A. and the rate of switching was about every 5 min. 

Asimpler form of this usinga smaller diameter “*bimetal’ 
element has been adopted in the baths for class use 
giving a differential better than +0-2°C. and costing 
only a few shillings for materials. 


A Completely Heated Dropping Funnel 
by A. W. Billitzer, M.Sc., A.R.A.C.I. 


HERE low melting solids or concentrated solu- 

tions have to be delivered from a dropping 
funnel, the heating of the tap, to prevent setting of 
material in the small bore of the cock, often presents a 
problem. Also the solidifying of material along the tube 
leading from the cock often causes difficulties. Even 
heating tapes are not always satisfactory as the whole 
tap can be rather small, and therefore not easily wound 
with the tape, and particularly near the tip of the 
delivery tube the liquid to be dropped often tends to 
climb back on the outside. 

These difficulties were solved satisfactorily with the 
apparatus shown (Fig. 1). 

A 14:5 mm. socket is blown into the bottom of a 
two-neck round bottom flask and the third neck so 
obtained is fitted through a rubber stopper, which has 
been cut open spirally (the stopper cannot be forced 
unopened over the socket). 

The whole is then fitted into the raised well of the 
copper vessel which is afterwards filled with water. For 
heating the water bath, a gas flame behind a baffle 
plate attached to the bottom of the bath can be used, or, 
where the material to be dropped is highly inflammable, 
an immersion heater combined with a resistance. 

Where a volatile or inflammable liquid is used, the 
third neck is constructed with a suitable cone at the end 
which then fits into the corresponding socket of the 
receiving flask (shown below dotted line) which must 
then be vented through a second neck and condenser. 

The conical valve is worked by a glass rod, or tube, 
through the vent condenser of the dropping funnel. The 
rod is prevenied from dropping right through by a cork 
slipped on to it and resting on the vent condenser. To 
obviate the danger of breaking the rod while manipula- 
ting the conical valve a flexible coupling, made from 
material not attacked by the substance to be dropped, is 
used. This coupling is best placed above the level at 
which the solution or melt is likely to stand in the 
dropping funnel. 

The dimensions of the water bath depend entirely on 
the size of the flask used to act as a dropping funnel. 
For a 500 ml. round bottom flask, a cylindrical vessel, 
8 in. < 8in., with the well’s axis 14 in. off centre to leave 
room for the immersion heater, was found satisfactory. 
The 3 in. high baffle plate, to protect the third neck 
when a gas flame is used, was off-set | in. 


172 


LABORATORY PRACTICE 


Al 


8 











x 


























a 


Fig. 1. | 
ACKNOWLEDGMENT.—TJhe writer desires to record his | 
grateful acknowledgment to the Managing Director of 
Beckers Pty. Limited, in whose Research Laboratories at 
Dudley Park, South Australia, this work was carried out, 
for permission to publish this paper. 





APPARATUS AND DEVICES 


It is evident from letters received that the Apparatus 
and Devices Section of Laboratory Practice arouses 
considerable interest. We should like to point out that 
we are at all times pleased to receive from readers 
notes, however short or simple, for inclusion in this 
section. 











May 1959 








A Reliable Non-return Valve for Filter Pumps 
by E. G. C. Clarke, M.A., Ph.D. 


Chemistry Division, Department of Physiology, Royal Veterinary College, London, N.W.\ 


HE liability of a filter pump to ‘suck back’ owing 

to a fall in water pressure is a hazard well known to 
chemists and, although various types of non-return valve 
are on the market, experience has shown that these are 
liable to become jammed by small picees of solid such as 
rubber, etc. A number of failures when filter pumps were 
left running all night during the preparation of certain 
phytotoxins led to the development of the apparatus 
shown in Fig. 1. 

This may be constructed in a few minutes from 
material available in any laboratory, and has been 
found to be entirely reliable. An 8 oz. kali boitle is fitted 
with a rubber cork carrying two bent glass tubes. To the 
lower end of the shorter of these is attached a 2 in. 
length of rubber tubing, the other end of which is closed 
by a piece of glass rod. In the middle of this rubber 
tubing a longitudinal slit about half an inch long is made 
with a razor blade, thus forming a ‘Bunsen valve’. Air 
can be drawn out of this tube into the bottle, but not in 
the reverse direction. 

For student use this simple form is all that is needed. 
For research equipment the cork of the kali bottle 
carries two further tubes, one connected to a mano- 








: 


| 
| 
Fig. 1. 


meter and the other to a capillary air leak controlled by 
a screw clip for fine adjustment of pressure. 

These valves have been in use in this laboratory 
for the last ten years, and have given no trouble 
whatsoever. The rubber should be examined annually 
and renewed if it shows signs of perishing. 





Suit 








Electrophoresis—Adaptation of Vertical P.E.P. Type Tank for 
Horizontal Membrane Techniques 
by G. C. Ross 


British Museum (Natural History), London, S.W.7 

















May 1959 


N electrophoretic studies of the blood and body fluids 
[or smaller organisms the amount of material available 
is insufficient for the application of standard paper 
techniques. A method using cellulose acetate membrane 
(Kohn) has been adopted with a simple modification of 
a standard vertical paper electrophoresis tank (Fig. 1). 

A bridge, constructed to fit over the electrolyte 
separators, provides horizontal support for the mem- 
brane strips. A sheet of fibrous plastic-sponge, pre- 
viously saturated with water, provides an efficient seal 
between the bridge and a lid into which is incorporated a 
water tank. This aids heat dispersion from the enclosed 
strip chamber and provides a source of vapour for 
saturation of the main tank air-space. 


Key to Diagram 

A. Original tank: electrolyte is admitted to the levels 
shown: the centre chamber should contain just 
enough fluid to prevent capillary action between 


Fig. 1. 
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the bridge former and electrolyte separators. The 
electrolyte wicks are retained. 

B. Bridge formers (2 off): 4 in. Perspex: cut from a 
template and should — an easy but accurate fit. 

C. Bridge bars (2 pairs): 4 } in. (2 off) and fin. x 
} in. (2 off) shoe strips glued together as 
shown: a length of 74 in. enables six strips, 2-5 
cm. wide, to be run at one time: the bars are 
glued securely to B, in position shown by the 
dotted line, ensuring that joints are accurate and 
no warping occurs. 

D. Plastic fibre sponge: cut to the width of the main 
tank, after soaking in water. 

E. Lid-cum water tank: } in. Perspex: trough con- 
structed narrower than the lid, facilitates easy 
removal: joints must be watertight. 

F. Filter paper wicks (4 off): each is approximately half 
the length of the bridge bars. 

G. Sponge strips: } in. wide (when wet): these should be 
soaked in buffer before placing in position. 

H. Cellulose-acetate strips: } in. wide: see ‘operation’ 
below. 

J. Electrophoretic wig, cellulose acetate membrane 
2-5 cm. wide x distance between angles of bridge 
bars. The point of application of the sample can 
be marked by V-shaped nicks cut into the edges. 


Micro Kjeldahl Digestion Apparatus* 


by W. A. Evans, F. B. Johnston and 
G. M. Ward 


Canada Department of Agriculture, Ottawa, Canada 


ICRO Kjeldahl digestions are customarily made 
Mi: very small Kjeldahl flasks set on a conven- 
tional-type rack constructed in miniature, heat being 
supplied by a gas flame. An improvement on this 
technique is proposed which provides for the digestion 
of smaller samples, for a reduction in the digestion time, 
and for a considerable increase in the number of samples 
that can be handled by a single operator. 

The apparatus (Fig. 1) consists essentially of a 
cylindrical aluminium block set upon a heavy-duty 
2,000 watt hot-plate equipped with a three-heat switch. 
Digestions are made in special thick-walled resistance- 
glass rimmed test tubes 25 x 150 mm. of approximately 
30 mi. capacity. The tubes fit loosely into | in. holes 
bored to a depth of 2 in. in the block. They are supported 
by an aluminium plate, with holes of the same diameter 
bored opposite corresponding holes in the block. The 
plate may be raised or lowered by a rack and pinion ona 
supporting column which contains the rack. The plate 
may also be swung out from above the block by a ball 
and spring device so that tubes may be cooled after 
digestion. A 7 in. block with 12 holes for digestion tubes 


*Contribution No. 427, Chemistry Division, Science Service. 
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Operation 

The bridge is placed upside down on a clean glass sheet. 
Acetate strips, (J) previously soaked in buffer, are 
lightly blotted and placed in position across the bridge 
bars, application side facing downwards. The } in. 
acetate strips (H), soaked in buffer, are then placed 
along the bridge bars securing the electrophoretic 
strips in position. 

The bridge is now inverted into position on top of the 
sponge strips (G). 

A current of approximately | m. amp. per strip is 
applied for ten minutes prior to application of the 
sample. The latter is applied from a capillary tube 
using a ruler placed across the bridge formers as a 
guide. 

The sponge (D) is soaked in water and lightly wrung 
out, then positioned over the bridge, followed by the lid 
which is then half-filled with cold water. 

Finally the cover of the original tank ts secured. 

After the run (two to six hours duration depending 
on the material under investigation) the original tank 
cover, the lid and sponge are removed and the strips 
slipped out of position with fine forceps. 

The staining techniques described by 
given satisfactory results. 

REFERENCE 
Kohn, J. (1958). Clin.Chim.Acta, 3, 450 


Kohn have 





May 1959 














is a convenient size for routine analysis. Smaller holes 
are bored in the plate and block for the insertion of a 
standard 400°C. thermometer. Asbestos fibre may be 
used as a pad and packing for the thermometer in the 
block. An aluminium base for the hot-plate and a ring 
to hold the block in position complete the component 
parts of the unit. 


This apparatus was designed for use in studies in 
plant biochemistry and a sample weight of 0-1 g. of dry, 
finely-ground tissue has proved to be most convenient 
for routine analysis. The block is heated to a temperature 


of 370°C., 2 ml. of digestion reagent (sulphuric- 
phosphoric acid mixture containing selenium and 
copper) are added to the sample in the tube, which is 
lowered immediately into the hole in the block. There is 
no problem with frothing or bumping and digestion is 
complete in about 12 minutes. Determination of 
nitrogen can be completed by making an appropriate 
dilution of the digest and applying direct Nesslerization. 
The digestion procedure described here has been tested 
repeatedly and gives excellent agreement with official 
macro Kjeldahl methods of the Association of Official 
Agricultural Chemists. 





CORRESPONDENCE 


DEAR SIR—I find surprising the comment by J. G. Davis 
and Jean S. Bell, in their paper “The Drop Technique for 
Colony Counts in Microbiology’, that the hypodermic 
needle type of dropping pipette was found to be unsatis- 
factory in use. The pipette which they describe is similar 
to that described by Cook and Yousef (1953), a pipette 
which I have used satisfactorily for a variety of micro- 
biological purposes for several years. If the pipette is 
prepared according to the instructions laid down by 
Cook and Yousef, there should be no tendency for the 
needle easily to fall off the pipette. My experience has 
been that the breakage rate of these pipettes, given 
reasonable care in handling, is low. The reported error 
in the drop volumes delivered by the platinum tube 
pipette (+5 per cent) is, in fact, much higher than that 
encountered with other dropping pipettes, as reported 
by Withell (1938) for all-glass dropping pipettes, and by 
Cook and Yousef (1953), Cook (1954) and Cook and 
Wills (1954) for the hypodermic needle type of pipette. 
It appears possible that the greater variation in the 
volumes delivered from the platinum tute pipette 
might arise from the easy deformation of the tip of the 
platinum tute which would occur in the course of 
handling. 
Yours faithfully, 
B. A. WILLS. 
Research & Control Division, 
Allen & Hanburys (Africa) Ltd., 
Durban, South Africa. 


Cook, A. M. (1954). J.Pharm.Lond., 6, 629. 

Cook, A. M. and Wills, B. A. (1954). J.Pharm.Lond., 6, 638. 
Cook, A. M. and Yousef, R. T. (1953). J.Pharm.Lond., 5, 141. 
Withell, E. R. (1938). Quart.J.Pharm.Pharmacol., 11, 736 


THE AUTHORS WRITE: 

We thank Dr. Wills for drawing our attention to the 
articles in the Journal of Pharmacy and Pharmacology, 
which we do not see. Our hypodermic syringe pipettes 
were prepared as described by Cook and Yousef 
although we had not seen their paper. The preparation 
of pipettes of this type naturally involves craftmanship, 
and Dr. A. M. Cook (Personal communication) states 
that it is necessary to thicken the end of the glass stem, 
otherwise the lack of rigidity may lead to the trouble we 
described in our paper. 
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In his discussion of error Dr. Wills may be confusing 
the error of successive drops and the error of series of 5, 
10 and 20 drops as reported in the papers quoted by him. 
For a single drop of weight 0-018 g. an error of 5 per 
cent corresponds to | mg. or 0-001 ml. which is on the 
threshold of calibration techniques. Naturally if 5, 10 
or 20 drops are considered the error decreases in pro- 
portion. For routine plate counts (our purpose) an 
error of 5 per cent in measurement is not large compared 
with other errors inherent in the method. The papers 
quoted by Dr. Wills were concerned with disinfection 
studies where a greater accuracy is desirable and can be 
obtained. 

We feel that our method of sterilization is simpler 
and more efficient than that described by Cook and 
Yousef (1953) in which the glass barrel is dry heat- 
sterilized and the needle only immersed in boiling water 
for 30 sec. It appears to us that this method would 
not kill spores, whereas our method would. Here again 
the purpose of the work of Cook and his associates was 
different from ours. 

We emphasize that we described our technique for 
rapid and simplified routine colony counts. In our paper 
we state that where the highest possible accuracy is 
required multiple drops should be used. 

We do not think that in the hands of careful workers 
the platinum tube would be more liable to deformation 
than the hypodermic needle. We should be interested to 
hear from any workers who may compare the two types 


of pipette. 


DEAR SIR—I have read the paper of Davis and Bell in 
Laboratory Practice (8, 58, 1959) with interest. In some 
ways, their developmental approach to the use of the 
Miles and Misra surface counting technique has parallel- 
ed ours. We, too, started out with glass dropping 
pipettes, sized in a B and §S drill gauge block. But, the 
demand for them outgrew our capacity (and willingness) 
to make them. 

About 10 years ago, we turned to 18 gauge I4 in. 
long hypo. needles, the bevels of which were removed 
by a slitting saw on a bench size milling machine. The 
inner bores were deburred and the end bent to about 
45° about } in. up. Glass tubes, 34 in. long with stan- 
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dard taper ends to fit these needles, were specially 
fabricated. Later, shorter glass adapters, such as are 
supplied in transfusion kits, were fused to glass tubing 
to give the requisite length. These glass adapters, with 
their standard taper fitting, were obtained from the 
manufacturer directly. No difficulty has been experienc- 
ed in tubes parting from needles at any stage in their 
use, clean-up, or resterilization. Dropping pipettes, 
after washing are placed 6-8 in large test tubes, the 
mouths of which are covered with string-tied parchment 
paper. Hot air sterilization is used. Momentary flaming 
in a Bunsen burner, degreases any needle tips found, 


BOOK REVIEWS 


Gas Chromatography 1958, edited by D. H. Desty. 
London: Butterworths Scientific Publications.U.S.A.: 
Academic Press, Inc., U.K.: 705. U.S.A.: $12.00. 
pp. 383 + xiii. 

Seven years ago Martin and James published the first 
paper on gas chromatography. The field has since 
developed remarkably rapidly and one could not but 
agree with Emmett in the statement that seldom in the 
history of science and technology has a new research 
tool been so universally and rapidly adopted as gas 
chromatography. 

In the Second Symposium organized by the Gas 
Chromatography Discussion Group—held in Amster- 
dam in May 1958—470 participants from 17 different 
countries attended. Twenty-eight major and original 
papers were reprinted or presented at the Symposium 
and both these and the related discussions have been 
printed in three sections in the book under review. 

The first section deals with the theory of gas chroma- 
tography. This section was opened by van Deemter who 
surveyed the relation between theory and experiment. 
Considerable theoretical developments had been noted 
by now in this field, e.g. the role of thermodynamic equi- 
librium in a chromatography column where the relation 
between the type of isotherm and shape of chromato- 
graphic peaks is comparatively well established. Never- 
theless considerable gaps exist in our knowledge and 
theoretical prediction because of the lack of guidance 
by the physical chemistry of solution and adsorption 
which has not developed sufficiently in this field. For 
example, the selection of a stationary phase to perform a 
particular separation still required considerable practi- 
cal experience. 

The subsequent papers on the theory of gas chroma- 
tography were indeed encouraging in that considerable 
advances were recorded in the tackling of various 
theoretical aspects, e.g. the successful treatment by 
Golay of the theory of chromatography in open and 
coated tubular columns with round and rectangular 
cross-sections, and the chromatography of highly 
radioactive gases by Glueckauf. The latter calculated 
that as a result of the temperature rise taking place in 
the column adsorbent during the passage of a highly 
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on use to give uneven runup of the diluting fluids 
(sucked up with a 2 ml. rubber bulb). 


We have used volumetric calibration of these needles 
with the diluting fluids used and the precision is well 
within 5 per cent of the mean. 

Yours faithfully, 
H. WOLOCHOW. 
Assistant Research Bacteriologist, 
Naval Biological Laboratory, 
Naval Supply Center, 
Oakland 14, California. 


radioactive band, the rear end of the band tended to 
move faster than its front. As a result dilute radioactive 
gases may be concentrated into small volumes without 
refrigeration provided the total radioactive power is in 
the watt range. 

The second section in which techniques and appara- 
tus are considered was noted for the development of 
more stable and sensitive detectors, which may well 
displace the katharometer, e.g. the highly sensitive 
flame ionization detector of McWilliam and Dewar, 
and a new flame detector which depends on measure- 
ments of flame emissivity using an optical condensing 
system and a photocell (by Grant). So highly sensitive 
are these new detectors that the introduction of the 
requisite samples and the possibility of contamination 
by laboratory atmosphere have become the limiting 
factors. The maintenance of base-line in gas-liquid 
chromatography was well tackled by Guild, Bingham 
and Aul who considered related factors such as 
variation of eluent pressure and flow and described an 
apparatus and system to purify the eluent and to control 
the flow to within | per cent even when the column 
temperature is varied over 200°C. range. 

In the third section the applications of gas chromato- 
graphy are considered. Here considerable ingenuities 
were shown by Atkinson and Tuey in the design of an 
automatic ‘preparative scale’ gas chromatography 
apparatus and by Bovijn er a/. in the use of gas chroma- 
tograms for the control of cerrosion in boiler stations 
by the use of an original sampling technique based on 
the partition of the dissolved uncondensable hydrogen 
between the water phase and the gas phase. Of consider- 
able interest and importance is the new technique of 
separation of non-volatile aminoacids by the use of their 
volatile methyl derivatives. 

The major advances in gas chromatography described 
in this book make one wonder what further new develop- 
ments will follow before the Third Symposium takes 
place. It is to be hoped, however, that when future 
symposia are published, a detailed subject index will 
be included. It is indeed a pity that in a book otherwise 
so well produced, such an index is missing.—s. LEWIN. 
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Fig. 1. Working at arc furnaces, from an original Water Colour by Wilfrid R. Wood. 


THE HISTORICAL DEVELOPMENT OF FUSED SILICA 
by J. A. Frost 


Chemistry Department, Reading University 


There are some materials used both in the laboratories and in industrial pro- 

cesses which have come to be indispensable, and undoubtedly fused silica is 

such a material. Its unique combination of physical properties make it the only 
material that can be used for certain purposes. 


ORE than a hundred years ago it was realized 
Meetat a glass produced solely from pure silica 
would be an extremely useful material, so that attempts 
have been made to produce such a glass by many 
workers. The history of the successful commercial 
development and production of fused silica and fused 
quartz is largely the history of one company, the 
Thermal Syndicate Ltd. of Wallsend, Northumberland. 
The manufacture of fused quartz (transparent fused 
silica) was originally carried out by the Silica Syndicate 
Ltd. which was founded in 1906, although experimental 
work had been carried out by this group for about three 
years earlier. 

In 1902 the Thermal Syndicate was formed to carry 
out the manufacture of fused silica (translucent fused 
silica) and by 1904 was producing saleable articles in 
this material. In 1917 the two organizations combined 
and have since been known as the Thermal Syndicate. 
Since 1920 all production has been carried out at the 
works at Wallsend-on-Tyne. 
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Transparent Fused Silica 

Although as long ago as 1839 Gaudin succeeded in 
fusing small crystals of quartz, drawing fibres from 
them and reporting some of their remarkable properties, 
and small tubes and spirals of fused quartz were made by 
Gautier in 1869, these articles were more scientific 
curiosities than useful tools. In 1889 C. V. Boys made 
small pieces of apparatus and fused quartz fibres which 
he used in torsion balances in 1895. About 1900 W. A. 
Shenstone discovered the method of heating quartz 
crystals and then quenching them in water, the crystal 
shattered and the pieces after being dried were heated in 
an oxy-hydrogen flame and built up into small rods of 
transparent fused quartz. The rods were arranged 
round a core, which consisted of a platinum tube, and 
then carefully fused together to form a rough tube of 
fused quartz. This tube could be subsequently slipped 
off the core and further heating in an oxy-hydrogen 
flame would render it smoother and more uniform in 
wall and diameter. In the year 1903 the German 
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company Heraeus were able to show some flasks made 
from fused quartz which had been worked in an oxy- 
hydrogen blowpipe. 

In 1903 Shenstone patented an electric arc furnace 
into which powdered quenched quartz could be 
dropped and eventually this idea was developed so that 
today thick walled tubes are built up from ordinary 
tubes by a similar process. A length of transparent tube 
is fused to a ‘blowing iron’ made of translucent silica 
tube about five feet long, and this is rotated by hand in 
the flame of a D.C. are which can be ‘blown’ magneti- 
cally while the quartz powder is fed on to it. By slowly 
rotating the tube and by manipulations, such as 
‘marvering’ and ‘blocking’ which are essentially similar 
to those used in traditional offhand glassblowing, a 
thick walled hollow billet of transparent material is 
gradually built up. This arc-working calls for consider- 
able skill, judgment and dexterity on the part of the men 
carrying it out, for they have to produce a billet of 
uniform diameter and wall thickness (Fig. 1.) This 
billet can then be used as the starting point in the 
drawing of transparent tubing or for other purposes. 

Other methods are also used for producing trans- 
parent fused quartz. The quenched quartz can be 
‘melted’ in an electrically heated molybdenum furnace, 
and tubing drawn from it by means of a bait lowered 
into contact with the surface and then withdrawn. It 
can also be ‘melted’ in an electric resistance furnace in 
which the crucible, made of carbon, is itself the resistor; 
sometimes in this last method the operation is carried 
out under pressure to help in producing a bubble free 
melt. It is always extremely difficult to produce a 
material free from bubbles, for even at very high 
temperatures the material is only of a pasty consistency 
—it never really flows, so that any bubbles trapped in 
the melt have great difficulty in rising to the surface. 

In Germany during the last war very pure fused 
quartz rod was produced for optical purposes by pro- 
jecting finely ground quenched quartz crystals through 
the flame of an oxy-hydrogen blowpipe. The droplets of 
softened quartz were projected on to a rotating mandrel 
where they gradually built up into a stalagmite of fused 
quartz. Interesting features of the process were that the 
quartz crystal was ground in a ball mill made of fused 
quartz, and the blowlamp through which the ground 
crystal was projected was itself made of fused quartz— 
(B.1.0.S. Report 465). 


Translucent Fused Silica 

In the early years of this century work was also being 
carried out with the object of finding and developing 
commercially a method or methods of ‘melting’ or 
fusing pure silica sand to produce the translucent 
material which is now so familiar in laboratories. 
Experimental work had been carried on for many years 
in several countries. The Frenchman Despretz had in 
1849 fused silica electrically using the current from a 
voltaic pile. C. Parsons, later Sir Charles Parsons, in 
1889 fused sand under pressure using a graphite resis- 
tance rod. Threlfall had ‘melted’ silica a few years 
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Fig. 2. Bottomley and Paget furnace. 


later, and both the American E. Thompson and R. S. 
Hutton of Manchester about 1900 succeeded in ‘melting’ 
silica. Hutton read a paper early in 1902 to the Man- 
chester Literary and Philosophical Society in which he 
described this work. 

After some more experimental work by Bottomley 
using Hutton’s method, a successful process was 
evolved and in 1904 a patent was taken out by Bottom- 
ley, Hutton and Paget for a furnace to fuse silica sand 
using a graphite resistance rod. This furnace in its 
essentials is of the kind used at the present time to 
produce the bulk of the translucent type of fused silica 
both by the Thermal Syndicate and others since the 
original patents have expired. The furnace is illustrated 
in Fig. 2 

The furnace is partially filled with some impure sand, 
the graphite resistance rod is placed in position and 
surrounded by a measured amount of the specially 
prepared clean sand, the furnace is then topped up with 
some more impure sand and the current switched on. 
The current is left on for a specified time, and the gas 
generated by the reaction between the white hot graphite 
rod and the silica blows the fusion up away from the 
rod so that the rod can be withdrawn. A hollow tong- 
like clamp, with a nozzle which fits into the hole left by 
the withdrawal of the graphite rod, can then be attached 
to one end of the fusion, a compressed air line being 
connected to the clamp. The fusion is then removed from 
the furnace, and the far end from the clamp is closed off 
by means of a guillotine. It can then be drawn into tubing 
or blown into a mould, or it can also be rolled between 
rollers to produce flat slabs of the material. The inside 
of the fusion is kept plastic long enough for these 
operations to be carried out by the layer of unfused sand 
adhering to the outside, acting as an insulator and 
retarding the loss of heat. When the fusion has been 
withdrawn from the mould, or has set after being drawn 
into tubing, much of the unfused sand adhering to the 
outside can be scraped off and that remaining can be 
ground off using an abrasive wheel and plenty of water. 
Where a finer finish is required the outside can be 
subsequently reglazed using an electric arc or Oxy- 
hydrogen flame. To manufacture such articles as 
evaporating basins or crucibles the fusion is blown into 
a mould having a good many depressions in its sides. 
When withdrawn from the mould the fusion then has a 
large number of bumps or bulges on it, somewhat like a 
Chinese lantern. These bumps are cut off from the 
body of the fusion by means of high speed grinding 
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wheels and are then the shape of the basin or crucible. 
The inside surface will be highly glazed with the familiar 
lustrous finish of the material. The outside will be 
rough from the unfused sand, but this can then te 
glazed. 

Using this type of furnace fusions of widely varying 
size can be produced. Vessels of up to 60 gallons 
capacity have been blown and fusions of up to 500 Ib. 
in weight have been made. 

By pulling the fusion into tubing and then wrapping it 
around a helical mould while it is still soft a turn or so 
of a spiral coil can be produced, and these turns can be 
subsequently joined together by blowpipe working. 
Such coils are made in various sizes the largest being of 
3 in. bore tubing 90 ft. long. 

Clear transparent fused quartz is the most transparent 
solid made, it transmits all wavelengths from the infra- 
red region down to 1850 A in the ultra violet. Pieces 
have been obtained which at a thickness of 5 mm. 
transmit 60 per cent of the radiation at the 1640 A 
wavelength; at this wavelength measurements have to be 
made with a vacuum spectrograph. Because of its 
excellent transmission properties, lenses, prisms and 
other optical components made of fused quartz are an 
essential part of many optical instruments. 

One unusual and interesting use of this transparent 
material was in the ultra violet light microscope first 
designed in a primitive form by Von Kohler in 1908 who 
used carefully selected quartz crystals for his lenses. J. A. 
Barnard revived the idea and realized the advantages of 
using fused quartz instead of natural quartz, for this 
would obviate the difficulties of having to deal with the 
awkward directional properties of the natural material. 
He saw that if an ultra-violet light system could be 
operated conveniently and without danger, then 
another ‘order’ of resolution would become available 
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Fig. 5. Vitreosil laboratory 
ware, tubing and rod. 


i 
{I 


for the examination of bacteria, other minute objects 
and even the viruses. More recently other optical 
systems based upon reflection from mirrors have been 
tried in place of the refracting lenses used by Barnard. 

The raw material used for the production of clear 
fused quartz, Brazilian quartz (rock crystal) is an expen- 
sive one, for it has to be very carefully selected. As a 





Fig. 6. Vitreosil laboratory ware. 
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result of this selection and great care in manufacturing 
methods, the finished fused quartz is extremely pure. It 
consists of at least 99-8 per cent SiO 2. 

Early last year the Thermal Syndicate announced 
that they were producing a new quality of fused quartz 
which they have called Synthetic Fused Quartz and 
which they are marketing under the name Spectrosil. 
This is claimed to be the purest form of fused silica 
available in the world. Instead of using rock crystal, 
silicon tetrachloride has been used as the raw material. 
In this material the level of impurities is so small that 
precise analytical methods for many elements are as yet 
impossible. 

Direct and indirect analyses for aluminium, boron, 
calcium, magnesium, iron, copper, manganese, potas- 
sium and sodium show that the total impurity content is 
less than one part per million (See Table 1). 


TABLE I 





Element Impurity content in parts per million 


Aluminium 0:25 


Boron 0-5 (the limit of the method) 
Antimony 0-0001 

Copper 0-0002 

Iron 0:1 


Calcium 0-1 (the limit of the method) 





C. A. Parker, quoted by the courtesy of the Superin- 
tendent of the Admiralty Materials Laboratory, Holton 
Heath, Poole. 

After exposure of up to 4-5 108 ROntgens, no 
coloration is produced by gamma-rays or by irradiation 
in an atomic pile. This extreme purity is also confirmed 
by the complete absence of fluorescence and the very 
high transmittance of the material in the vacuum ultra- 
violet. Fig. 3 compares the ultra-violet transmittance of 
four grades of optical quality Vitreosil. 

IR is a special quality for work in the infra-red 
region with a minimum absorption of 2-7 microns. 

OG General purpose optical material. 

OH has the highest degree of homogeneity and the 
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Fig. 7 (left). Vitreosil special apparatus 
(illustrating a good example of blowpipe 
working). 


Fig. 8 (below). Vitreosil fibre and wool 
with rock quartz crystal from which they 
are made. 





highest degree of transmittance in the ultra-v iolet of any 
material made from rock crystal. This quality is free 
from the typical absorption band at 2,400 A. 

OS is the synthetic material. Its superiority over the 
material manufactured from rock crystal is particularly 
evident below 2,200 A. 

Fig. 4 showing the transmittance in the infra-red 
region, and indicates that the OS quality material at 
present available is not suitable for work in this portion 
of the spectrum and that Vitreosil IR quality remains 
supreme. 

Laboratory apparatus in fused silica is illustrated in 
Figs. 5 to 8. : 

The properties which make fused silica such a useful 
material may be summarized as follows: 

1. Resistance to chemical attack. 

2. Homogeneity. 

(Concluded on page 186) 
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NEW APPARATUS AND TECHNIQUES 





by W. G. Overend, D.Sc., Ph.D., F.R.1.C. 
Birkbeck College, Malet Street, London, W.C.\ 


N exhibition of new apparatus and techniques was 

held in the chemical laboratories of Birkbeck 
College on March 24. Organized by the Fine Chemicals 
Group of the Society of Chemical Industry, the meeting 
was well supported by exhibitors and attracted a large 
number of visitors. In addition to displays of new 
and prototype equipment by commercial suppliers, 
there were exhibits of apparatus designed and con- 
structed by research workers and technical staff in 
various academic and industrial laboratories. Although 
simple, several of these devices are extremely ingenious 
and without doubt by their use improved results are 
achieved. Several simplifications of common laboratory 
operations were noted. 

From the laboratories of May and Baker Ltd. there 
was a range of equipment including liquid-liquid 
extractors for use with both heavy and light solvents, a 
simple sublimation apparatus, a plus-minus pressure 
indicator incorporating an anti-suckback device, and a 
large filter flask with a detachable side-arm. This 
laboratory has a neat azeotropic distillation apparatus in 
which the same piece of equipment is utilized for 
mixtures that are both lighter and heavier than water. 
Three interchangeable separators are used to cover the 
specific gravity ratios of 1/1-05 to 1/1-2, 1/1:2 to 1/1-4, 
and 1/1-4 to 1/1-7. The design of the apparatus makes it 
suitable for following the course of reactions. Also 
noteworthy was a glass filter pump of new design. A 
swirling motion is imparted to the water stream which 
results in an increased pump capacity for a given 
volume of water. Its performance compares very 
favourably with that attained with conventional filter 
pumps. For example, it is claimed that with the new 
pump pressures down to 10 mm. Hg can be attained in 
seven minutes using a normal low pressure water 
supply of 20 p.s.i. With ‘boosted’ water at 50-60 p.s.i. 
pressures of 8 mm. Hg are attainable within five minutes 
pumping. 

An interesting early prototype model of a gas-heated 
melting point apparatus constructed in the May and 
Baker research laboratories was on display. The design 
has been developed by Electrothermal Engineering Ltd. 
who now market the apparatus in its final form. The 
International Chemical Co. Ltd. showed a multiple 
melting point apparatus which was developed to permit 
the simultaneous observation of the melting points of 
several samples taken from a delivery, with sufficient 
accuracy to establish whether or not the delivery as a 
whole was homogeneous. The apparatus, which is 
intended to be used as a routine analytical tool rather 
than as a research instrument, consists of an aluminium 
block (34 in. x Id in. x 24 in.) in which a slot (% in. 
deep and 2} in. long) has been milled right through; this 
slot forms the heating chamber. The slot is closed by 
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glass windows and ten small holes hold the capillary 
tubes, five on each side of the thermometer. The block 
is heated by two cylindrical elements (110 volts, 150 
watts) (supplied by Mica Elements Ltd.) controlled by a 
Sunvic energy regulator. 

Visitors to the exhibition were attracted by several 
neat pieces of equipment which Stafford Allen and Sons 
Ltd. have developed in their laboratories. They have 
made use of Meccano for laboratory purposes. A 
conveyor belt, several feet in length and driven by a 
small variable-speed motor, had been built with 
Meccano. Although originally used for experiments on 
the continuous drying of substances under infra-red 
heaters the apparatus has proved to be useful for other 
similar purposes. This company uses in its laboratory a 
separating funnel designed primarily for use in a 
centrifuge, for the splitting of emulsions encountered in 
alkaloidal assays, and also an apparatus for continuous 
extraction of solids with cold solvents, which has been 
valuable for those extractions which cannot be achieved 
successfully in a conventional soxhlet apparatus. 

Devices for simplifying and improving distillation 
procedures were prominent. Stafford Allen and Sons 
Ltd. have a distillation warning device which signals the 
point at which distillation should be discontinued in 
alcohol determinations and also an apparatus for 
vacuum distillation with steam injection (a technique 
useful for the isolation of high boiling substances). The 
Research Division of Allen and Hanbury’s Ltd. exhibited 
a semi-micro distillation apparatus and a two-way still 
head. The former has been used with complete satisfac- 
tion for some years for distilling quantities of 0-5 to 5 g. 
of material. The apparatus (Fig. |) is robust and can be 











cm. 
Fig. 1. Semi-micro distillation apparatus. 
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made up from standard joints. By making the cool 
joint an integral part of the condenser the distillate path 
is kept short to minimize hold-up. Four receivers 
(standard 3 in. x # in. test-tubes) fit conveniently into a 
B34 joint—a size small enough to permit reliable rota- 
tion without seizure. The receiver assembly can be used 
with other distillation vessels. 

The two-way still head (Fig. 2) enables a clean dry 
condensing system to be selected without interrupting 
the distillation. It was stated that the apparatus has 
been found to be particularly useful, for example, in 
preparing acid chlorides free from traces of thionyl 
chloride, and for distilling a product that has been 
dried azeotropically at an earlier stage in the distillation. 

Dr. S. S. Randall of the Research Department of 
Boots Pure Drug. Co. Ltd. exhibited an apparatus which 
has been designed to maintain a constant pH in an 
experimental cell. It can be used therefore for the 
titration of acids or bases, the determination of the 
hydrolysis of esters, or measurements of the rate of 
enzymic digestions, etc. According to the descriptive 
leaflet prepared by the exhibitor the e.m.f. resulting 
from a change of pH is amplified by a balanced D.C. 
amplifier preceded by a cathode follower as an impe- 
dance converter. The output is applied to a Schmidt 
trigger circuit which has a relay with change-over 
contacts in its output. This relay is connected to the 
armature of a D.C. motor through control circuits, which 
allow continuous or intermittent operation. In the off- 
position the armature is short-circuited and this provides 
electric braking to avoid overshoot. A syringe con- 
taining the acidic or alkaline reagent is drawn from a 
lead screw and injects the required amount to restore 
the pH to a previously selected value. The position of 
the syringe plunger is recorded directly on a rotating 
drum and gives the running total of the amount of 
reagent added. A second marker is driven from another 
lead screw and is arranged to mark the drum at intervals 
of one minute, after which it is returned to the base 
line. This gives the amount of reagent added per minute, 
i.e. the differential of the titration curve, or in the case of 
an elution chromatogram, the more familiar pattern of 
peaks. 

An irradiation kit was demonstrated by Dr. P. A. 
Wilkinson (Glaxo Laboratories Ltd.) which provides, in 
a convenient form, high intensity visible radiation for 
liquid phase light-catalyzed reactions. Dr. J. H. 
Turnbull displayed an irradiation apparatus for 
experimental photosynthesis which he and W. E. 
Massingham have designed and constructed in the 
Chemistry Department of the University of Birming- 
ham. In this apparatus the light source comprises a 
battery of three doublet Mazda tutes (M.CF/U, 20 
watt, 2 feet daylight type), mounted horizontally in a 
trough. Two doublets lie along opposite sides of the 
trough, a third lies in the base of the trough. Experi- 
mental solutions in two-necked flasks are mounted in 
the trough, one side of which is hinged to allow con- 
venient manipulation. Each flask is fitted with an 
adaptor carrying a reflux condenser and gas inlet tute. 
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Fig. 2. Two-way still head. 


The solutions are irradiated efficiently by the system. 
Where reduced intensity of irradiation is desirable the 
doublet in the base of the trough may be cut out by a 
switch. If light in a specific wavelength range is required, 
irradiation may be carried out using Mazda phosphor- 
coated tubes in conjunction with appropriate filters. 

Several items were of particular interest to analytical 
chemists. An apparatus for the determination of 
hydrogen sulphide by micro-diffusion was demonstrated 
by Mr. R. C. Bray (introduced by Prof. F. Bergel, 
F.R.S. of the Chester Beatty Research Institute) and the 
Loughborough Glass Co. Ltd. demonstrated an appara- 
tus for the swift combustion of organic compounds for 
analysis. Baird and Tatlock (London) Ltd. had available 
their rapid micro-combustion units for the quantitative 
estimation of (a) carbon and hydrogen, and (6) the 
halogens and sulphur, in micro-quantities of organic 
substances, using the ‘empty-tube” technique of micro- 
combustion introduced by Belcher and Spooner in 1943, 
and since then developed into a most satisfactory method 
of burning organic compounds. It is claimed that with 
the carbon-hydrogen apparatus, operators with no 
experience of micro-combustion techniques can obtain 
correct results after four hours instruction and continue 
to repeat their correct results. Balances were exhibited 
by Stanton Instruments Ltd. and by L. Oertling Ltd. In 
addition to balances commercially available L. Oertling 
Ltd. had a prototype quartz fibre ultra-micro balance. 
The capacity of each pan is 250 mg. and the sensitivity 
is 0-1 microgram per division. The reporter was 
informed that models for sale are likely to be available 
later this year. 

The various suppliers of laboratory equipment exhibi- 
ted a selection of their products, some of which have 
appeared only recently on the market. A fraction 
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collector offered by Baird and Tatlock (London) Ltd. 
has several novel features. Fraction collection can be 
either on a drop count or volume basis. The counter will 
handle up to 9,999 drops at rates up to 10 per second. 
On the volume basis fractions can be obtained which are 
volumetrically identical to the nearest drop and which 
are cleanly cut and free from contamination or carry- 
over. The stainless steel belt which carries the train of 
test-tubes past the fixed filling point is an excellent 
feature. This firm also displayed an automatic dispen- 
sing pipette unit and a zone melting apparatus. Elga 


Products Ltd. had an interesting exhibit of their products 
for the execution of ion-exchange or deionization 
processes in laboratories. The technique of vapour 
phase chromatography featured in the exhibition since 
in this connection Griffin and George (Sales) Ltd. had an 
exhibit. 

It was the intention of the organizers that exhibits 
should be arranged so that visitors could appraise the 
equipment in the atmosphere of a scientific colloquium. 
This effect was achieved and without doubt the exhibi- 
tion was most successful and fulfilled a useful purpose. 





PROBLEMS IN SUPPLYING 


LABORATORY CHEMICALS 


by K. G. A. Hammer, M.A., A.R.LC. 
May & Baker Ltd. 


| PROPOSE to divide the subject into three parts, dealing 
first with the consumer's point of view, then in some detail 
with the manufacturer’s problems, and finally summing up 
as to how one can help the other. 

In my experience the user is usually interested in three 
points with regard to any particular supplier: quality, service 
and price. He has to be assured of the unvarying purity of 
the chemicals he uses; delivery is generally required within a 
few days; prices must be competitive with those of other 
suppliers. 

Small firms have the advantage over larger organizations 
in that the delay in an order being placed is cut down to the 
minimum, and thus the chemist’s requirements can often be 
delivered within two or three days. However, the position is 
rather different in large industrial and educational establish- 
ments where requisitions have to be made out by the chemist 
first, passed to and collated by the steward, who in turn passes 
the orders to a central purchasing group for their attenticn. 
Valuable time can be lost in this procedure and it is accord- 
ingly to the advantage of such laboratories to possess a form 
of stock control, with specified danger levels for each product 
in everyday usage, so that when the requisitions are placed 
at the danger level, the routine laboratory work is not held 
up, awaiting delivery of fresh stock. The aim of an efficient 
steward should be to anticipate the requirements for com- 
mon chemicals and maintain adequate stocks for general use. 

In the majority of the universities and larger industrial 
laboratories a card index stock system, or equivalent, is 
operated. In its simplest form there is merely a card for every 
chemical held in stock, and reference to the cards will 
automatically show the steward whether the product on a 
requisition is a stock line or not. If it is not, then a ‘non- 
standard’ order is made out for the item and when it has been 
delivered an entry is made on a new card for future guidance. 

A desirable extension of this system involves the inclusion 
of such data as name of usual supplier, quantity on order 
(with date), amount delivered into stores and when, and a 
record of the bottles issued to the individual laboratories. 
After this type of system has been in operation for a year or 


Paper read before the meeting of the Fine Chemicals Group of the 
Society of Chemical Industry and published in Chemistry and Industry, 
No. 41, 1958. : 
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so, a fairly accurate assessment of the level of demand of 
those products in common usage can be made, and re-order 
levels and danger stock levels fixed. Some visual system of 
‘flagging’ those cards where the stocks held are approaching 
these two levels will help to ensure that stocks do not run out 
and jeopardize the progress of work in the laboratories. 

The manufacture and supply of laboratory chemicals is a 
very complex business, many problems have to be overcome 
and much time spent before a particular product ever 
reaches the packing stage. 


Product Quality 

Let us consider those factors which contribute to the quality 
of the finished product. Before any chemical is produced the 
works require to know what the estimated requirements are 
for the year so that the most economic batch size and 
frequency of manufacture can be determined with a view to 
keeping production costs as low as possible. Each year sales 
figures by product are reviewed and any revised requirements 
notified to the production people. Apart from the scale of 
production, the quality which will be generally acceptable to 
the majority of users must be ascertained. 

The requirements of chemists in industrial outlets and 
teaching institutions are first considered. After these have been 
established the analytical control laboratory has the task of 
drawing up a suitable specification and methods of testing. 

Until the last decade the majority of chemicals consumed 
in the laboratory were sold without any published specifica- 
tion of purity and the user had to rely entirely on the reputa- 
tion of his supplier. Descriptions such as ‘Pure’, ‘Technical’, 
‘Technically Pure’, left him little the wiser, and there was 
really no guarantee that different batches and deliveries of a 
product would necessarily be of the same standard. 

For that reason it was felt that information on assay, 
physical characteristics such as boiling point or melting 
point, metallic impurities such as iron, lead, arsenic, and 
acid radicals such as chloride, sulphate, nitrate, phosphate, 
etc., would be of general interest and use, and would ensure 
reproducibility of results. 

In organic syntheses where it is usual practice to express 
results in terms of percentage yield on the starting materials 
at each stage, any information regarding their purity is most 
valuable. So that a manufacturer can ensure adequate 
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supplies of a product, a specification should be so framed that 
all normal batches produced will comply. 

Consultation with the works follows to ensure that manu- 
facture can be carried out on an adequate scale to meet the 
proposed standards. Thereafter samples are taken of all 
production batches; only after very thorough analytical 
testing, and, providing it fully satisfies every requirement of 
the specification is a batch passed and forwarded to the 
warehouse. 

Analytical control at every stage of manufacture is as vital 
in the production of laboratory chemicals as it is in the 
manufacture of pharmaceutical and medical preparations as 
the manufacturer's guaranteed specification of purity 
accompanies every pack. Apart from control during produc- 
tion and of the end product, research into new analytical 
methods is a continuing process. 


Investigation of Complaints 

Every care is taken during manufacture and filling operations, 
but on rare occasions a customer complains about a bottle 
he has received and the complaint has to be fully investigated. 
The material is collected for examination by the analytical 
control laboratory, who can then compare the contents with 
the original analytical report and batch sample. The com- 
plaint is usually traced to a faulty container, for despite the 
rigorous cleansing and washing of all bottles before filling, it 
is possible for minute specks of foreign matter to escape 
detection. 

For example, in the case of the mineral acids, hydro- 
chloric, nitric and sulphuric, although bulk supplies are only 
passed before filling by the analytical control laboratory 
provided they are colourless, if there should happen to be 
minute specks of foreign matter undetectable by the naked 
eye, in a bottle, after filling has taken place discoloration of 
the acids may occur. Every care that can possibly be taken is 
exercised, and it must be remembered that some tens of 
thousands of bottles of the commen acids are sold every year. 
In the case of ammonium hydroxide solution it was found on 
one occasion that the iron content of the glass in a particular 
delivery of bottles was suffiicent to cause a flocculent 
precipitate, a short time after filling had taken place. The 
polymerization of formaldehyde solution is a phenomenon 
difficult to overcome, despite the fact that it is colourless when 
filled and contains approximately 10 per cent methanol in 
order to try to prevent this taking place. 

I would like to make the point that suppliers do indeed 
welcome prompt notification of any complaint however 
trivial it may be, so that a complete investigation can be 
carried out. 

When consideration is being given to add a new product to 
the range, the proposal to manufacture has to be evaluated 
in the light of the foliowing: 

1. General immediate need. 

2. Possibility of overstocking. 

3. Its potential role in research, development and analytical 

work. 

4. Extent of complementation in existing products and 

facilities of reagents already produced. 

5. Industrial hazards incident to its manufacture. 

6. Cost, availability and purity of starting materials. 

Provided the market appears attractive, research work can 
then proceed with a view to finding the most desirable and 
efficient method of synthesis. The pilot-scale laboratory will 
then develop this further where it is intended to pass a 
process on to the works for production on a larger scale. Close 
liaison between the works and analytical control is essential 
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so that the material produced will be of the desired standard. 

Concurrent with the development of a satisfactory manu- 
facturing process, consideration must be given to the 
packaging aspect. Questions on both labelling and a satis- 
factory form of container have to be settled. With regard to 
labelling, apart from the specification, due account must be 
taken as to whether the product is a statutory poison. Is it 
highly inflammable, is it corrosive or hazardous to handle? 
If it is, then suitable wording to describe the nature of the 
hazard, and if space allows information on precautions to be 
taken, must be drafted and agreed. 

Packaging presents numerous problems as a supplier must 
be confident that his packs will stand up to conditions not 
only in this country but anywhere in the world. Special 
investigations have to be carried out where products of a 
volatile or corrosive nature are concerned, experiments being 
performed at elevated temperatures and under conditions of 
high humidity. 

Due to the fact that glass-stoppered bottles are not only 
expensive, but are also not entirely satisfactory for the safe 
transportation and storage of such volatile solvents as ether, 
a number of firms have investigated the use of an alternative 
closure (e.g. a plastic screw cap). 

Not so long ago it was common practice for the glass 
stoppers of mineral acids to be covered over with plaster of 
paris and gauze, and in unskilled hands there was a definite 
risk of traces of plaster falling into the bottle, when the 
stopper was first released, thus contaminating the contents 
This habit is, | am glad to say, dying out 

Polythene for containers and closures is now being used in 
place of glass in many instances. Before any change is made 
to an existing pack, one must feel entirely confident the new 
pack is superior in every respect, and this can only be 
achieved after a good deal of time in experiment has been 
spent. 

Consumer demands over the years enable one to determine 
both the pack sizes most used and their numbers—with such 
information one can deduce how much of every product 
should be held in bulk stock and also prepacked to meet 
customers’ orders. 

The subject of price is very often disregarded by a chemist, 
who is more interested in getting supplies quickly of a product 
of satisfactory quality—but in many concerns the buying 
department may as a matter of routine call for a number of 
quotations, finally selecting the cheapest consistent with 
quality. In general, therefore, manufacturers endeavour to 
sell at economic prices which at the same time compare 
favourably with those of their competitors. In the case of a 
chemical, which is cheap to produce, due either to its large 
scale of manufacture, cr to the cheapness of its raw materials, 
its contribution to the final selling price of the finished pack 
will be very much smaller than in the case of more specialized 
organic chemicals which cost more to produce. 

Apart from the cost of raw materials and production, 
additional costs of analytical control, packaging and trans- 
port have to be taken into account. Out of the gross profit 
(i.e. selling price—cost price) must be deducted the selling 
expenses— internal and external, for example, the costs of the 
publicity material and the representative—and an allocation 
for research and development. In recent years inflation has 
been very much in evidence, and labour costs have risen 
more rapidly than those for the raw materials. Despite this 
manufacturers, by means of greater efficiency and improved 
production techniques, have been able to absorb to a certain 
extent the higher costs and have not increased selling prices 
to the same degree. 
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After comparing the prices of those chemicals which are in 
most common demand in 1949 and today, I would say that 
on an average they have advanced by 35- 40 per cent. Altera- 
tions in the prices for molasses and alcohol automatically 
affect the cost of the ether and esters manufactured there- 
from. Many of the salts are made from raw materials; for 
example iodine, bismuth, mercury, selenium, copper, 
manganese, chromium, which are imported world demand 
and competition between the producing countries has an 
important bearing on price stability. 

In order to keep chemists and buyers fully informed of 
every development considerable sums of money have to be 
spent every year on publicity, both by direct mé uiling and also 
through journal advertising. Here again costs have risen 
sharply, both with regard to paper itself and binding, and 
also to production costs. Unfortunately in these days of 
rising prices, a price list soon becomes out of date, and 
whereas before the war such lists could be referred to with 
confidence for years after their issue, today price amend- 
ments and new issues have to be produced at more frequent 
intervals. It is difficult to forecast costs for more than a few 
months ahead. 

Turning now to the processing of orders, I feel that many 
of you may be quite unaware of what exactly goes on when 
an order is received by a supplier. Orders come in every day 
from all over the world, and have to be sorted initially for 
distribution to the departments dealing with particular 
markets. The description of each item ordered, both as 
regards package size and name of product, has to be checked 
and amended where necessary to the standard nomenclature 
of the supplier. 

It is surprising how often orders are written out by custo- 
mers without any reference to the supplier's catalogue at all. 
Many chemicals are indicated by the popular name, e.g. 
Caustic Soda, Caustic Potash, Xylol, Formalin, Hydrochloric 
Acid Conc. Abbreviations are often used, e.g. Ammon. 
Chlor., Pot. Sulph., I.M.S., Carbon Tet. Winchester Quarts 
may be specified instead of the weight in kilos or volume in 
litres in which they are usually sold. All this means a lot of 
work for the office, as it is essential, in the interests of safety, 
for the order copies and product labels to be in agreement. 

The orders then have to be priced, and working copies 
typed out. The subsequent assembly of an order takes an 
appreciable time, depending on such factors as the length of 
the actual order and the location of the individual products. 
It may be that the solvent store for inflammables is quite 
separate from the acid store and the store for what we regard 
as harmless wet and dry lines. After assembly, each order is 
then passed to the despatch section and placed in the 
appropriate bays according to its destination. 


Safety Considerations 
A considerable amount of thought and experimentation is 
necessary to enable goods to be transported in complete 
safety. This, of course, applies more particularly to export 
orders, where every item has to be cased. Freight is usually 
charged according to cubic capacity, except for Europe where 
it is charged on a weight basis, and higher charges are 
incurred for deck stowage. We, in this country, have to 
conform to special requirements as laid down in the Ministry 
of Transport’s manual ‘The Carriage of Dangerous Goods in 
Ships’, which classifies products according to their particular 
hazard, e.g. corrosive substances, poisonous substances, 
inflammables, strong supporters of combustion, etc. A 
composite order from an overseas customer has therefore to 
be examined in the light of these rules, and only chemicals of 
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similar nature cased together. In the case of the mineral acids, 
for example, a sufficient quantity of an individual acid must 
be ordered to make a reasonable size of case, otherwise 
freight charge’ will be unnecessarily high. 

Unfortunately it is uneconomic to have a daily delivery 
Service everyw here in the country. It should also be apprecia- 
ted that many products due to their hazardous nature are not 
accepted by the postal authorities or by passenger train. 

While it is usual nowadays for orders to be executed from 
prepacked stock, as opposed to each item being packed 
specially, as this system cuts down the delay from receipt of 
order to despatch to the customer, a shortage of a vital raw 
material or a production holdup in the works can affect the 
stock position quite rapidly if either continue for more than 
a few weeks. An illustration of this was the effect of the sul- 
phur shortage following the Korean War. The output of 
both sulphuric acid and products, in which it was a manu- 
facturing raw material, were restricted and it became neces- 
sary for suppliers to devise their own rationing system 
whereby old customers were supplied as fairly as possible. 
People tended to order far more than they needed for their 
current requirements as they knew they would certainly not 
be supplied in full in one delivery. 

In the case of a plant breakdown or other production 
difficulty, once the physical packed and bulk stock have 
been exhausted, any futher orders for a particular product 
have to be kept in abeyance and the customers advised of the 
delay. Even when production has resumed one has to take 
into account the time which will have to be spent on analytical 
control, filling, and labelling before packed stock is again 
available for sale. From this, you will appreciate that it is 
not always possible to give a definite delivery date, even 
though it is realized this is what the customer really wants. 
You can help both yourselves and us firstly by placing your 
orders well in advance of your estimated date of actual use, 
and secondly by quoting from the supplier's catalogue. 

I have endeavoured to give you a picture of the many 
problems which have to be faced and overcome in seeking to 
satisfy the exacting demands of chemists. Much of what I 
have said may already be known to you. On the other hand 
some may have realized for the first time that a great deal of 
planning, thought and work goes into the production of the 
bottles you take off your laboratory shelves and use in your 
organic syntheses and analytical determinations. 


The Historical Development of Fused Silica 
(Concluded from page 181) 


3. Impermeability. 

Low expansion and constancy of volume. 

Very low loss of weight. 

Refractoriness and resistance to thermal shock. 

Thermal conductivity. 

. Transparency to ultra-violet and infra-red radia- 
tion. 

9. Electrical characteristics of high resistance and 

low dielectric heating value. 

Published work on these properties is scattered widely 
throughout the literature. The Thermal Syndicate has 
recently published a 44-page hand book entitled “About 
Vitreosil’, and in this publication a great deai of useful 
information, much of it unpublished before, is given 
about the properties and uses of the material. 
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GLASS DEWARS FOR TRAPPED RADICAL STUDIES 


Several types of glass dewars suitable for spectroscopic studies of free radicals 
trapped at low temperatures have been designed by the National Bureau of 
Standards as part of a programme sponsored by the Department of the 
Army. Because of the individual characteristics of each experiment, different 
types of containers have been designed to meet specific needs. By studying the 
spectra of free radicals, basic information can be obtained on the arrange- 
ment of the atoms and molecules in solids, on the forces acting on them, on 
the motion of atoms, and on the reactions between atoms and molecules. 


HE use of glass dewar vessels! for spectroscopic studies 

of free radicals trapped at low temperatures has been 
investigated by the National Bureau of Standards as part of a 
study of the preparation and properties of trapped radicals 
for the Department of the Army. Although metal dewars have 
been used for this type of experiment, few glass containers 
have previously been considered. In view of the many special 
problems involved in capturing and storing these highly 
reactive species at low temperatures as well as problems in 
observing and studying the radicals, L. J. Schoen, L. E. 
Kuentzel, and H. P. Broida of the Bureau staff have developed 
special types of improved glass dewars. These dewars are 
comparatively simple to construct, can be easily rotated and 
disassembled by means of ground joints, and are adaptable 
for specific applications in free radical work. 

Free radicals—molecular fragments which exist only 
momentarily in flames and hot gases—can be produced? in 
an electric discharge, frozen into immobility, and then 
trapped in solid matrices on a liquid helium-cooled surface 
They can also be formed by irradiation of the cold solids by 
electrons, gamma rays, oF ultraviolet light. Freezing the 


Fig. 1A. Diagram of 
glass dewar used in 
spectroscopic studies 
of condensed dis- 
charge products at 
the National Bureau 
of Standards. Note 
the outer liquid-nitro- 
" gen and inner liquid- 
; helium chambers. 


lf l Fig. 1B. To initiate 

low temperatures, 

scientist pours liquid 

nitrogen into the de- 

war of Fig. 1A. 

Self-contained with 

its own gauges, 
UI] - wax seat microwave genera- 
f } cae tor, and complete 
) » vacuum system, this 
1 particular model 
serves as a portable 
laboratory. Because 
of its ease of trans- 
porting and assem- 
bling as well as of 
varying the acces- 
sory components, 
this dewar can 
replace elaborate 
equipment and is 
thus especially suit- 
able for pre-runs. 
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fragments retards recombination and facilitates experimenta- 
tion and analyses. Through windows in the dewars, spectro- 
meters can be directed at the cold surface and the light given 
off or absorbed by the frozen solids can be analyzed. 

Free radicals are being used as tools to investigate the 
nature of chemical reactions. By studying the spectra of the 
radicals, basic information can be obtained on the arrange- 
ment of atoms and molecules in solids, on the forces acting 
on them, on the motion of atoms, and on the reactions 
between atoms and molecules. Because of the individual 
character of each reaction, different types of container 
designs are needed. 

All the dewars developed at the Bureau for this use consist 
essentially of four or five concentric glass vessels arranged to 
provide a central liquid-helium chamber and an outer liquid- 
nitrogen chamber, each surrounded by a vacuum jacket. The 
free radicals are introduced through the bottom of the vessel 
to minimize the distance to the cold surface and to avoid 
premature condensation within the dewar. In previous 
dewars with several wall thicknesses, viewing or irradiating 
the active samples through the walls proved unsatisfactory 
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LIQUID HELIUM TRANFER 
TUBE IN HERE. 


Fig. 2A and 2B. Be- 
cause the  liquid- 
helium chamber in 
this dewar (note Fig. 
2A) is rotatable, it 
may be turned to one 
of the windows to 
receive the sample 
gases, and then 
rotated to any of the 
other windows for 
spectroscopic stud- 
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because of reflection or scattering of the rays. To avoid this 
difficulty, the present dewars are modified to allow light to 
pass through windows consisting of only one thickness of 
glass or other suitable material. Several windows have been 
inserted into the base of each dewar. By employing different 
window materials, the dewars can be adapted to use with 
radiation from the vacuum ultraviolet to the infrared. 


Specific Designs 

One type of dewar (Fig. 1A and B) was developed to study the 
spectra of microwave discharge products containing nitrogen 
atoms as free radicals. So that unobstructed observation of 
the frozen sample may be obtained, the liquid nitrogen- 
filled chamber does not surround the liquid helium-cooled 
area at its tip where the free radicals are trapped and frozen. 
Thus a large area of the helium surface is exposed to radiation 
from room-temperature surroundings. As liquid helium 
evaporates very rapidly, this design limits the time of free 
radical storage. However, it has been found convenient for 
recording and studying the spectra emitted during the short 
warm-up period. 

By placing a copper radiation shield in thermal contact 
with the wall of the liquid nitrogen-cooled chamber, the 
storage properties of this type of dewar are greatly enhanced. 
The copper, being a good conductor, acquires an even 
surface temperature close to 77°K (that of the liquid nitro- 
gen). This added refrigeration reduces the rate of helium 
evaporation by approximately an order of magnitude. 

Another design incorporates a removable liquid helium 
chamber that can be rotated about a vertical axis during 


Fig. 3. Diagram of a spherical glass dewar with liquid nitrogen- 

radiation shield. Because of the spherical shape, a smaller 

proportion of the helium liquid is exposed to the glass surface, 

and thus the period of free radical storage is increased. Then, 

too, the liquid nitrogen affords more protection than metal 
shielding. 
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Fig. 4. Luminescence initiated by photolysis or electron 

bombardment after deposition of oxygen-rare gas mixtures are 

studied in this type of glass dewar. Here a scientist adjusts a 
spectrograph for the tests. 


experimentation (Fig. 2A and B). Several windows— 
through which the spectra of the frozen sample can be 
detected and recorded—are set into the base of the dewar. 
The rotatable component enables the helium tube, including 
a CsI window mounted at the base of the tube, to be turned 
to any one of the window openings in the dewar to receive 
the gaseous specimen and then to be rotated to any of the 
other windows for spectroscopic study. 

This model is used in infrared absorption studies of the 
thermal decomposition of hydrocarbons. The hot gas samples 
are first decomposed in an 800°C. (1950°K) furnace. They 
are then directed through a delivery tube to a cesium iodide 
surface on the bottom of the helium tube which is cooled to 
4-2°K. Here the samples solidify. By then turning the disc 
with the deposited layer of frozen radicals so that it directly 
faces the window on which the spectrometer is focused, any 
obstruction is eliminated and absorption studies can be 
satisfactorily conducted. Because infrared rays will not 
penetrate regular glass windows, the windows of the dewars 
are made of rock salt (sodium chloride). 

To minimize recombination of the products, the furnace is 
brought to within I cm. of the liquid helium-cooled CsI disc. 
In order to reduce radiation from the furnace to the cold 
surface, the exit end of the furnace is capped with a gold 
shield. 

To minimize heat transfer to the liquid-helium refrigerant, 
a copper shield is cemented to the bottom of the liquid- 
nitrogen reservoir. This shield completely surrounds the tip 
of the liquid-helium ‘finger’ except for several openings per- 
mitting passage of the condensable vapour and infrared light. 
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To prevent heat from entering through these openings, a 
movable shutter shield is rotated so as to close any windows 
not in use. In addition, a copper sponge is inserted into the 
helium tube to a point just above the liquid surface. This 
sponge, cooled by the liquid-helium vapour, serves as a cold 
barrier, preventing direct radiation from entering the tube 
and also acting as a heat exchanger to intercept any heat 
leaking down through the glass walls of the tube. In this way, 
heat leakage is minimized and the average helium evapora- 
tion rate is reduced from 22 to 8 cm2./min. 

A third type of dewar (Fig. 3) differs considerably from the 
basic structure. This dewar is spherical rather than cylindri- 
cal, and has a liquid nitrogen-filled glass radiation shield, 
which is more efficient than the metal shield. This design has 
the advantage of compactness, lightness, and minimal 
surface-to-volume ratio. Because of the spherical shape, a 
smaller proportion of the helium liquid is exposed to the glass 
surface, and thus the period of free-radical storage is in- 
creased. This model is being used for photochemical and 
spectroscopic studies of the luminescence initiated by photoly- 
sis or electron bombardment after deposition of the solid. 

The effect of silvering the inner glass walls was evaluated 
for this design. With the silvered walls, the rate of liquid- 
helium evaporation was decreased from 1-8 to 1-2 cm3./min. 

In general, the major sources responsible for heat leak into 
dewars are radiation across the vacuum space, conduction 
down the neck of the dewar, and radiation through the 
throat of the vessel. Although these processes have been 
successfully reduced in the present designs, additional heat 


(Concluded on page 194) 





Fig. 5. Scientist check dewars used for measuring optical 
constants (using ellipsometer) of very thin films of gases. These 
gases are passed through a microwave discharge and then 
condensed at very low temperatures on a gold or copper mirror. 
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NEUTRON 


PHYSICS 


RESEARCH 


A programme of research in neutron 
physics is carried on by the National 
Bureau of Standards. As part of this 
work neutron standards are maintain- 
ed, source and flux calibrations 
performed, reactions studied, and 
detection and dosimetry equipment 
developed. 


HE neutron is an electrically neutral, elementary particle 

which plays an essential role in many vital nuclear 
processes. Understanding the properties of the neutron and 
the way it interacts with matter is essential for research into 
fields such as controlled thermonuclear power. The effective 
use of high-energy accelerators and nuclear reactors in atomic 
and nuclear research also depends upon sufficient information 
about the neutron, as does the successful application of slow 
neutrons to the treatment of cancer, a therapy now only in 
experimental stages. 

To ensure the safe and effective use of the neutron, the 
National Bureau of Standards established a small programme 
in neutron standards several years ago. Asthe requirements of 
research and industry have changed over the years, the 
emphasis of the programme has shifted accordingly. At 
present the Bureau's research in this area is carried out by 
the Neutron Physics Section, established in 1957, under the 
direction of R. S. Caswell!. Attention is being concentrated 
on the establishment and maintenance of standard of neutron 
source strength and thermal-neutron flux, studies of neutron 





ai 


The National Neutron Standard developed and maintained by 
the National Bureau of Standards consists of a solid beryllium 
sphere, 4 cm. in diameter, enclosing at its geometrical centre 
a capsule of radium. Neutrons are produced in the beryllium 
sphere by the action of gamma rays from the radium. 
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Van de Graaff accelerator used in the production of neutrons at 
the National Bureau of Standards. 


penetration and slowing-down, measurement of neutron and 
gamma-ray dose in radiation fields, and investigations of 
improved neutron detectors. 

In recent years, the number of neutron sources in the 
United States and elsewhere has greatly increased, and the 
demand for precise measurement of neutron-radiation fields 
for protection of personnel has correspondingly become 
much greater. However, detection and shielding are com- 
plicated by the fact that neutrons, because they lack electrical 
charge, have few interactions with matter, particularly with 
the electrons of atoms. Neutrons, however, do react with 
atomic nuclei, and must therefore be detected indirectly by 
means of other particles which result from these interactions. 
Such particles might be, for example, recoil nuclei from 
‘billiard-ball’, or elastic, collisions, or alpha particles ejected 
from nuclei which have absorbed neutrons. 

Although detection equipment and film badges for per- 
sonnel monitoring are now extensively employed in the areas 
of accelerators and reactors, there is still need for improve- 
ment in measurements of neutron-radiation dose. Such 
measurements are complicated by the presence of gamma- 
radiation in all neutron fields. To make possible more 
accurate neutron dosimetry, the Bureau has extended its 
35-year-old_programme in X- and gamma-ray dosimetry to 
handle the problems presented by mixed neutron and gamma- 
radiation fields. 

Accuracy of all neutron measurements is ultimately 
dependent on the reliability of standards. In line with its 
basic functions, the Bureau therefore calibrates absolutely 
and maintains the national standards of neutron source 
strength and thermal-neutron flux?. Laboratory standard 
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One of the methods used at the National Bureau of Standards 
to compare neutron sources. The cadmium-wrapped pile of 
graphite (at right) is used to slow down the neutrons emitted 
by the source placed in the pile. The thermal-neutron density 
is then measured by counting neutrons with a boron-lined 
counter or by activating and beta-counting indium foils. Such 
a foil is shown being placed in a cut in the graphite of the pile. 


neutron sources are calibrated for universities, industrial 
experimental stations, and other government agencies for use 
as secondary standards in fundamental nuclear-physics 
experiments, measurements of nuclear-reactor behaviour, 
problems of neutron-radiation protection, and industrial 
applications of neuiron beams. In addition to source calibra- 
tion, neutron fluxes in nuclear reactors are calibrated by 
activating gold or copper foils and counting against foils 
activated with a standard thermal-neutron flux geometry. 

A basic understanding of neutron shielding is needed in 
designing shields for nuclear reactors and for particle 
accelerators such as cyclotrons and linear resonance accelera- 
tors, where the neutron shielding problem is often an 
outstanding consideration. Experiments in neutron pene- 
tration are carried out by the Bureau to check neutron 
shielding theories. The theories can then be applied to the 
design of light-weight, high-efficiency shields for mobile 
reactors, employed in nuclear-powered aircraft, ships, and 
submarines. Particularly in the case of the nuclear-powered 
aeroplane, the weight of a conventional shield, such as 
concrete, is prohibitive. 

Other experiments are concerned with precise measure- 
ments of the neutron ‘age’ in reactor moderator materials 
such as water and heavy water. The ‘age’ is a measure of the 
penetration of neutrons during the slowing-down process, 
and is an important constant for determining the leakage of 
neutrons from a reactor. 

A fundamental approach to neutron problems is the direct 
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measurement of the ‘neutron cross section’—the probability 
of a neutron undergoing a certain nuclear reaction with a 
given nucleus. A programme aimed at measuring these 
interactions is underway. 


Neutron Standards 

In the late 1940’s, two nearly identical radium-beryllium 
neutron sources were constructed to serve as standards of 
neutron source strength>. Each source consists of a capsule 
of 1 g. of radium in the centre of a beryllium sphere, 4 cm. 
in diameter. One source, NBS-1l, serves as the National 
Neutron Standard. The second source, NBS-2, is loaned to 
other laboratories to intercompare sources throughout the 
world. This second standard was recently sent to England 
and to Sweden for international intercomparisons. 

In the past, most national standard neutron sources have 
been radium-beryllium (x, n) sources, made by mixing a 
radium-containing powder with beryllium powder. Although 
these sources have high neutron yields, they are not com- 
pletely satisfactory because the neutron strength increases 
with time as radium decays to polonium. Any change in 
state of the mixed powders can lead to a change in neutron 
emission rate, which is, of course, undesirable in a standard 
source. The capsuile-in-sphere radium beryllium (y, n) 
source overcomes this problem as neutrons are produce 
only by the gamma-rays from radium acting on the beryllium 
in the spherical shell. . 

While these photoneutron sources are very well suited for 
standards, they are inconvenient to work with in some 
laboratory situations because of large gamma-ray emission. 
More acceptable laboratory standard sources are plutonium- 
beryllium (x, n) sources, which have been made available by 
the Atomic Energy Commission. This type of source, which 
provides low-gamma-ray emission and long half-life, 
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Tank of manganese sulphate used as the moderator in National 

Bureau of Standards calibrations of the National Standard 

photo-neutron source. The number of manganese atoms 

activated is measured by counting the induced beta-ray 
activity of the manganese. 
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is sometimes used as a working standard at the Bureau. 

The NBS standard neutron sources have been inter- 
compared, either directly or indirectly, with the national 
standard neutron sources of all countries known to maintain 
sources, including the USSR. All of these sources are in 
agreement to within about 2 per cent of the international 
mean value. 

The National Neutron Source has been calibrated abso- 
lutely in two different ways. The first, and most tedious, 
method involved the measurement of a thermal-neutron 
density in a water tank surrounding the source. In the 
idealized situation, the water tank is large enough so that it 
can be assumed no neutrons escape. Each neutron from the 
source must therefore appear as a thermal neutron somewhere 
in the tank. By integrating the thermal-neutron density 
measured by its effect on a foil calibrated in a known 
thermal-neutron density—the neutron emission rate of the 
source is obtained. 

The second type of absolute measurement of neutron 
source strength involves activating a water bath containing 
manganese sulphate. Neutrons from the source are slowed 
down in the bath and are captured finally either by man- 
ganese atoms or hydrogen atoms. The number of manganese 
atoms activated is measured by a method which amounts to 
absolute counting of the induced beta-ray activity of the 
manganese. The fraction of neutrons lost to hydrogen is 
estimated either from the measured manganese and hydrogen 
thermal-neutron absorption probabilities (cross sections) 
or by changing the concentration of manganese in the bath 
and comparing activations. 

The standard thermal-neutron flux geometry used for 
calibrating neutron fluxes consists of two symmetrically 
placed radium alpha-beryllium sources surrounded by lead 
and paraffin with a carbon-shielded detector slot in between. 
The neutrons are slowed down by the shielding materials 
before reaching the slot. The thermal-neutron flux in this 
slot has been calibrated by absolute counting of the boron-10 
(n, «) reaction, the thermal-neutron cross section for this 
reaction being well known From observations of the count 
rate in a proportional counter or pulse ionization chamber 
containing a known amount of B!°, the thermal-neutron 
flux can be determined. The NBS standard thermal-neutron 
flux is known to within about 2 per cent. Investigations are 
presently under way aimed at an independent calibration of 
this flux by beta-gamma coincidence counting of gold-198. 
Unknown fluxes are calibrated against the standard by 
activating foils in both. 


Neutron Detection and Neutron Dosimetry 

The detection of neutrons in the presence of gamma rays, or 
of gamma rays in the presence of neutrons, is often a difficult 
problem. The most satisfactory method for analyzing such 
mixed radiation employs a pair of detectors, one sensitive to 
neutrons only, and the other sensitive to gamma rays only. 
Mixed-radiation dosimetry, however, is even more difficult 
because detectors in order to read dose must have a specific 
dependence upon neutron or gamma-ray energy. Instruments 
for neutron dosimetry may be designed to respond in two 
ways. The first way, which is most important for measuring 
the relatively hazardous fast neutrons, is to make the 
response of the instrument proportional to energy absorbed 
per gram in soft tissue+. Such an instrument may be calibra- 
ted in rads for tissue, where one rad is 100 ergs per gram. 
Other neutron radiation instruments have a response which is 
inversely proportional to maximum permissible neutron 
fluxes. The reading of such an instrument gives a direct 
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Drawing of the standard thermal neutron flux geometry used 

at the National Bureau of Standards to calibrate the fluxes of 

unknown sources. This standard geometry consists of two 

symmetrically placed radium alpha-beryllium sources sur- 

rounded by lead and paraffin with a carbon-shielded detector 
slot in between. 





Phosphor-in-plastic neutron detectors developed at the 
National Bureau of Standards. All buttons shown contain 5 per 
cent phosphor by weight. The three buttons (left) containing 
commercially available phosphor material show much greater 
transparency than the conventional ZnS button (right). 





Film badges are mounted on this metal framework surrounding 
an accelerator target to evaluate neutron sensitivity. 
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Some of the results obtained from National Bureau of Stan- 
dards studies of neutron penetration in water. Here a function 
of activity produced in indium foils by 2- to 3-Mev indium- 
resonance neutrons from the d — d reaction is plotted against 
distance in water. Measurements were made at 90° to the 
incident neutron beam which has an energy of 250 kev. 


indication of radiation hazard, valid for all neutron energies 
up to 20 Mev. 

Fast-neutron detectors consisting of zinc-sulphide grains 
dispersed in a hydrogenous plastic “button” have been widely 
used because of their excellent gamma-ray discrimination. 
Recent work at the Bureau has demonstrated that many other 
kinds of phosphor material may be incorporated in ‘buttons’, 
yielding simple, reliable detectors with good gamma-ray 
discrimination. For example, plastic-phosphor matrix 
detectors using organic-plastic phosphors have a much 
faster response time than other neutron detectors which also 
provide good gamma-ray discrimination’. By adding a 
material such as boron or lithium, which have large prob- 
abilities of undergoing an (n, «) reaction, to a button 
detector, it may be possible to develop a simple neutron 
survey meter with proper energy response for dosimetry 
from 20 Mev down. Other advantages provided by the use of 
inorganic phosphors, such as potassium iodide and sodium 
iodide, are greater button transparency and higher efficiency. 
Development of fast-neutron survey meters based on this 
generalized plastic-phosphor matrix principle is planned by 
the Navy Bureau of Ships. 

Photographic film is widely used as a gamma-ray dosimeter 
in mixed neutron and gamma-ray fields. Although the film 
has a low neutron sensitivity, the extent of its neutron 
response must be accurately known for the correct interpre- 
tation of experiments such as radiobiological studies. A very 
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A comparison between experimental data obtained at the 

National Bureau of Standards and theoretical calculation of 

neutron penetration in water. Dose measurements for 14-1 
Mev neutrons are plotted against distance in water. 


pure neutron field must therefore be produced so that gamma 
radiation will not be present to mask the effects of the 
neutrons. To provide such a field, neutrons from the H2 
(d, n) He} reaction are used, which are initially free of gamma 
radiation. Inelastic scattering, which is responsible for 
gamma-ray production, is largely eliminated by the use of a 
specially-constructed light-weight aluminium target assembly 
with a Van de Graaff accelerator. 

To measure the small gamma-ray contamination of the 
radiation field, a neutron-insensitive gamma-ray dosimeter 
was developed ®. This instrument is a helium-CO> gas-filled 
counter with graphite-lined aluminium walls. Heavy- 
particle recoils caused by neutrons produce large pulses, 
which are discarded in the electronic data recording system. 
Small pulses, produced by secondary electrons ejected from 
the walls or gas, represent true gamma-ray sensitivity. 
Radiation fields in which the fast neutron dose is at least 100 
times the measured gamma-ray dose have been measured 
with this arrangement. 


Neutron Penetration and Diffusion 

The programme of studies on neutron penetration and 
diffusion was instituted in 1952, when large discrepancies 
were noted between theoretical calculations of neutron 
penetration and experimental measurements. A 20 per cent 
difference between experimental measurements of fission- 
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neutron age in water and calculations of the same quantity 
caused a great deal of concern. By the use of neutrons which 
are nearly mono-energetic and whose energies are well known 
from classical mechanics, an independent critical check of 
slowing-down theory was conducted by the Bureau for the 
Atomic Energy Commission. Complementary calculations of 
neutron penetration and diffusion are now being carried out 
in the Bureau’s Radiation Theory Section. 

The experiments conducted used neutrons from the target 
of a 2-Mev Van de Graaff accelerator produced by the H2 
(d, n) He} and the H3 (d, n) He?+ (or d t) reaction. The 
measurements were usually carried out with water as the 
shield because of experimental convenience and uniformity, 
and the completeness of theoretical data for this substance. 

In this work, three kinds of detectors have been used: 
thermal neutron detectors, such as indium foils and boron 
counters; indium resonance neutron detectors, which are 
indium foils enclosed in cadmium to shield out thermal 
neutrons; and a_ polyethylene-lined ethylene-gas-filled 
proportional counter which acts as a fast-neutron dosimeter 
with a response very nearly proportional to that of tissue. 
The measurements with thermal-neutron and 
indium-resonance neutron detectors are of particular interest 
to the reactor designer who needs to know how far fission 
neutrons from the reactor fuel elements travel while slowing 
down to energies where they may be captured by uranium 
and produce fission in the next fuel element. 

The age (1/6 of the mean square crow-flight distance for 
neutron slowing-down) has been measured for 14-1-Mev 
neutrons from the H3 (d, n) He+ reaction and for 2- to 3- 
Mev neutrons from the H2 (d, n) He reaction’. The latter 
experiment is a more interesting check on theory, as the 
neutron cross sections used in the theoretical calculations are 
well known and the source of neutron energies lies near the 
average of the neutron energies for a fission-neutron source. 
A recent calculation® is in excellent agreement with the H2 
(d, n) He} neutron measurement made by the Bureau. 

A fast neutron dose measurement has been made with the 
very penetrating radiation from a 14-1-Mev neutron source. 
Besides providing data basic to nuclear reactor shielding 
theories, the results of this kind of experiment are directly 
applicable to shielding design for controlled thermonuclear 
devices. 


detectors 


Neutron Cross Sections 

Although further experimental checks of neutron penetration 
calculations are necessary and desirable, the present state of 
agreement between experiments and calculations is generally 
satisfactory. Perhaps the most useful experimental informa- 
tion that can now be provided for penetration calculations is 
neutron cross-section data. Although total neutron cross 
sections are widely known for most elements, very little 
information is available on differential neutron cross sections 
and angular distributions. Therefore, the programme will be 
directed more and more towards the measurement of these 
fundamental neutron cross sections. 

Time-of-flight equipment suitable for these measurements 
is now being prepared. This equipment measures neutron 
energies by observing the flight time for a neutron to travel a 
given distance. Times are measured with a resolution of 
about 2 musec (2 X 10-9 sec.). Neutrons are detected in 
plastic scintillators followed by 14-stage photomultipliers. 
The short time interval is converted to a pulse height and 
recorded in a 256-channel pulse-height analyzer. These 
experiments will be performed with the Van de Graaff 
accelerator in a low-scatter building which has been recently 
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constructed for this purpose. This building has thin metal 
walls and a grating floor to ensure that the neutrons observed 
in experiments originate from the sources and the neutron 
scatterer and not from the walls of the room. 

The neutron, because of its lack of electrical charge, is a 
particularly interesting particle for investigating the nucleus. 
Among experimental measurements to be emphasized in the 
future, therefore, are determinations of angular distributions 
of neutrons scattered by nuclei and measurements of elastic 
and inelastic neutron scattering. This work is in line with the 
present shift of emphasis toward the provision of funda- 
mental neutron interaction data. 

Other neutron research at the Bureau is carried on in the 
High Energy Radiation Section. Here photoneutron pro- 
duction cross sections are measured to provide data on 
various nuclei! °. 
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Glass Dewars for Trapped Radical Studies 
(Concluded from page 189) 


leakage is introduced by the windows which facilitate optical 
studies but which also eliminate complete shielding. If it is 
assumed that all radiation entering the inner vacuum space 
through the unprotected openings in the shield comes from a 
black body (perfect radiator) at room temperature with area 
equivalent to the area of the shield openings, and that this 
radiation is completely absorbed in the helium chamber, the 
calculated rate of overall evaporation is approximately | 
cm.3/min./cm?. open area. This rate is close to the observed 
value for these dewars, showing that the major source of heat 
leakage is the optical arrangement. However, in most 
instances this small heat leak does not present a serious 
problem. 
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Science Graduates in Industry 

For some years now the holder of a 
degree in science has, to a large extent, 
not merely been certain of obtaining a 
post on graduation but in many cases 
has been able to choose from a variety 
of posts offered to him. It would seem 
that this may no longer be the case. 
While there is no fear of wholesale un- 
employment among. graduates, the 
possession of a science degree seems to 
be no longer by itself a certain passport 
to a lucrative post. It appears that em- 
ployers are showing a more selective 
tendency in their recruitment of gradu- 
ates. Furthermore, the market may tend 
to be affected by the entry of those hold- 
ing the new Diploma in Technology, the 
ending of National Service, and the 
‘bulge’ in the Universities. 

In an article which appeared in The 
Times of April on this subject the 
following remarks were made: “Some 
indication of the falling demand for 
people with engineering and scientific 
training is provided by details of the 
needs of four large organizations. A 
comparison between their intake of 
graduates last year and their expected 
vacancies for 1959 shows that firm A 
took 251 last year and wants only 161 
this year; firm B took 112 last year and 
wants 91 this year; firm C took 43 in 
1958 and wants 17 this year; and firm D 
took 25 last year and wants only 10 this 
year.” 

It may well be that employers, after a 
long period of wholesale recruitment of 
graduates, may now be reviewing their 
policy having regard to the fact that they 
find themselves in the position of having 
a large number of graduates on their 
staffs who form the lower part of a 
triangle at the apex of which are the 
limited number of top-level posts. 
Inevitably, for a large number of them, 
there must come a time when there can 
be no further prospect of advancement 
in that organization, resulting in a state 
of frustration or the necessity of finding 
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News from the British Association of Chemists 


a post elsewhere which may not be 
immediately available at the level which 
they seek. 

The B.A.C. has always recognized that 
there must be a salary ‘ceiling’ for some 
graduates but in its Salary Scales it has 
provided that this figure should be a 
reasonable one having regard to the fact 
that, at that time, the individuals will 
usually have family commitments. 

What of the future? It would seem 
that the really good graduate will always 
have a good chance in industry but that 
the less able may have to be content with 
less glamorous posts and may also take 
longer to find them. It may be found also 
that holders of the Diploma in Tech- 
nology may replace University Graduates 
in a number of posts in industry and the 
former may in the words of The Times 
article, ‘have to look at other things 
the Civil Service or teaching, for 
example’. This raises an_ interesting 
position in that the supply of science 
teachers, about the shortage of whom 
many words have been spoken, may be 
increased by the operation of these 
economic forces. What is important, 
however, is that the teachers of science 
should be of the right quality and not 
merely those who are not good enough 
to obtain posts in industry. In _ this 
connection, it may be remarked that the 
mere possession of a science degree does 
not mean that the holder will make a 
good teacher. The teacher must be one 
who has the ability to impart knowledge 
to others and a suitable background, 
His knowledge should not be confined to 
that of his own special subject, and the 
University graduate would appear to be 
perhaps generally in a better position 
than the holder of a technological! quali- 
fication gained by part-time study in this 
respect. 

The position outlined above seems a 
remarkable and sudden reversal of the 
recent widely advertised ‘Shortage of 
scientists’. One wonders whether the 
shortage may have been due in part to 
the rush by employers to recruit gradu- 
ates, perhaps for the purposes of 
prestige, and the subsequent use of these 
men in posts for which a science graduate 
was not really necessary. 

This possibility was touched upon in 
an article which appeared in the Daily 
Telegraph as far back as March 29, 1957, 
entitled ‘Square Peg Scientists’. This 
article was based on a survey which the 
B.A.C. conducted among its members 
on behalf of that paper and the following 
is an extract from it: “The young 
graduate in science has the world at his 
feet. The big firms wooed him even 
before he got his degree; the advertise- 
ment columns smile welcome. But are 
his services always used to the best 
advantage? Scarcity always breeds 
scarcity. Yet I was shocked by the Ph.D. 
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in chemistry, working in a Government 
research department, who told me: “The 
shortage of qualified scientists is very 
largely artificial. Employers view their 
services much as the wartime housewife 
viewed her nylons: you buy more when- 
ever you can, whatever the state of your 
cupboard”’.’ 

In conclusion, it may be mentioned 
that the average weekly number of 
vacancies appearing in the B.A.C. 
weekly Appointments Circular, over the 
last few months, is something like 15 per 
cent less than the average during 1958. 


Obituary 
We regret to announce the death of the 
following member: 
W. Mann. Aged 58. Elected member 
1934. Yorkshire Section. 


Life Members 
The undermentioned have been elected 
Life Members of the Association: 
H. E. Holland. Elected member 1919. 
London Section. 
S. B. Phillips. Elected member 1920. 
Birmingham and W.M. Section. 


Trading Scheme 
A new arrangement has been made 
recently whereby members of the B.A.C. 
can obtain a wide variety of articles, as 
well as some services, at a substantial 
saving in cost! 


News from the Sections 





London 
A visit to Oxford, by coach, has been 
arranged for Sunday, June 7, 1959; 
leaving London at 10 a.m. and returning 
from Oxford at 7.30 p.m. 

Members will be free to make their 
own arrangements in Oxford; details of 
restaurants, colleges and museums, and 
times of river steamers will be available 
during the coach journey. 


Liverpool 

The 42nd Annual Meeting of the Section 
will be held on Wednesday, May 29, 
1959 in the Grenville Cafe, 16 Tithebarn 
Street, Liverpool, 2. The meeting will be 
preceded by tea at 5.45 p.m. at the 
normal charge. The meeting will be 
followed as last year by a theatre visit. 


All correspondence and enquiries 
‘concerning this Association should 
be addressed to G. R. Langdale, 
Esq., The British Association of 
Chemists, Nomination Dept., 14 
Harley Street, London, W.1. 
Tel.: Museum 7021. 
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neutron age in water and calculations of the same quantity 
caused a great deal of concern. By the use of neutrons which 
are nearly mono-energetic and whose energies are well known 
from classical mechanics, an independent critical check of 
slowing-down theory was conducted by the Bureau for the 
Atomic Energy Commission. Complementary calculations of 
neutron penetration and diffusion are now being carried out 
in the Bureau’s Radiation Theory Section. 

The experiments conducted used neutrons from the target 
of a 2-Mev Van de Graaff accelerator produced by the H? 
(d, n) He} and the H3 (d, n) He# (or d t) reaction. The 
measurements were usually carried Out with water as the 
shield because of experimental convenience and uniformity, 
and the completeness of theoretical data for this substance 

In this work, three kinds of detectors have been used: 
thermal neutron detectors, such as indium foils and boron 
counters; indium resonance neutron detectors, which are 
indium foils enclosed in cadmium to shield out thermal 
neutrons; and a_ polyethylene-lined ethylene-gas-filled 
proportional counter w hich acts as a fast-neutron dosimeter 
with a response very nearly proportional to that of tissue. 
The measurements with thermal-neutron detectors and 
indium-resonance neutron detectors are of particular interest 
to the reactor designer who needs to know how far fission 
neutrons from the reactor fuel elements travel while slowing 
down to energies where they may be captured by uranium 
and produce fission in the next fuel element. 

The age (1/6 of the mean square crow-flight distance for 
neutron slowing-down) has been measured for 14-1-Mey 
neutrons from the H3} (d, n) He+ reaction and for 2- to 3- 
Mev neutrons from the H2 (d, n) He} reaction’. The latter 
experiment is a more interesting check on theory, as the 
neutron cross sections used in the theoretical calculations are 
well known and the source of neutron energies lies near the 
average of the neutron energies for a fission-neutron source. 
A recent calculation® is in excellent agreement with the H2 
(d, n) He} neutron measurement made by the Bureau. 

A fast neutron dose measurement has been made with the 
very penetrating radiation from a 14-1-Mev neutron source. 
Besides providing data basic to nuclear reactor shielding 
theories, the results of this kind of experiment are directly 
applicable to shielding design for controlled thermonuclear 
devices. 


Neutron Cross Sections 

Although further experimental checks of neutron penetration 
calculations are necessary and desirable, the present state of 
agreement between experiments and calculations is generally 
satisfactory. Perhaps the most useful experimental informa- 
tion that can now be provided for penetration calculations is 
neutron cross-section data. Although total neutron cross 
sections are widely known for most elements, very little 
information is available on differential neutron cross sections 
and angular distributions. Therefore, the programme will be 
directed more and more towards the measurement of these 
fundamental neutron cross sections. 

Time-of-flight equipment suitable for these measurements 
is now being prepared. This equipment measures neutron 
energies by observing the flight time for a neutron to travel a 
given distance. Times are measured with a resolution of 
about 2 musec (2 X 10-9 sec.). Neutrons are detected in 
plastic scintillators followed by 14-stage photomultipliers. 
The short time interval is converted to a pulse height and 
recorded in a 256-channel pulse-height analyzer. These 
experiments will be performed with the Van de Graaff 
accelerator in a low-scatter building which has been recently 
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constructed for this purpose. This building has thin metal 
walls and a grating floor to ensure that the neutrons observed 
in experiments originate from the sources and the neutron 
scatterer and not from the walls of the room. 

The neutron, because of its lack of electrical charge, is a 
particularly interesting particle for investigating the nucleus. 
Among experimental measurements to be emphasized in the 
future, therefore, are determinations of angular distributions 
of neutrons scattered by nuclei and measurements of elastic 
and inelastic neutron scattering. This work is in line with the 
present shift of emphasis toward the provision of funda- 
mental neutron interaction data. 

Other neutron research at the Bureau is carried on in the 
High Energy Radiation Section. Here photoneutron pro- 
duction cross sections are measured to provide data on 
various nuclei! °. 
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Glass Dewars for Trapped Radical Studies 
(Concluded from page 189) 


leakage is introduced by the windows which facilitate optical 
studies but which also eliminate complete shielding. If it is 
assumed that all radiation entering the inner vacuum space 
through the unprotected openings in the shield comes from a 
black body (perfect radiator) at room temperature with area 
equivalent to the area of the shield openings, and that this 
radiation is completely absorbed in the helium chamber, the 
calculated rate of overall evaporation is approximately | 
cm.3/min./cm?. open area. This rate is close to the observed 
value for these dewars, showing that the major source of heat 
leakage is the optical arrangement. However, in most 
instances this small heat leak does not present a serious 
problem. 
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Science Graduates in Industry 

For some years now the holder of a 
degree in science has, to a large extent, 
not merely been certain of obtaining a 
post on graduation but in many cases 
has been able to choose from a variety 
of posts offered to him. It would seem 
that this may no longer be the case. 
While there is no fear of wholesale un- 
employment among graduates, the 
possession of a science degree seems to 
be no longer by itself a certain passport 
to a lucrative post. It appears that em- 
ployers are showing a more selective 
tendency in their recruitment of gradu- 
ates. Furthermore, the market may tend 
to be affected by the entry of those hold- 
ing the new Diploma in Technology, the 
ending of National Service, and the 
‘bulge’ in the Universities. 

In an article which appeared in The 
Times of April 7 on this subject the 
following remarks were made: ‘Some 
indication of the falling demand for 
people with engineering and scientific 
training is provided by details of the 
needs of four large organizations. A 
comparison between their intake of 
graduates last year and their expected 
vacancies for 1959 shows that firm A 
took 251 last year and wants only 161 
this year; firm B took 112 last year and 
wants 91 this year; firm C took 43 in 
1958 and wants 17 this year; and firm D 
took 25 last year and wants only 10 this 
year.” 

It may well be that employers, after a 
long period of wholesale recruitment of 
graduates, may now be reviewing their 
policy having regard to the fact that they 
find themselves in the position of having 
a large number of graduates on their 
staffs who form the lower part of a 
triangle at the apex of which are the 
limited number of top-level posts. 
Inevitably, for a large number of them, 
there must come a time when there can 
be no further prospect of advancement 
in that organization, resulting in a state 
of frustration or the necessity of finding 
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the British Association 


a post elsewhere which may not be 
immediately available at the level which 
they seek. 

The B.A.C. has always recognized that 
there must be a salary ‘ceiling’ for some 
graduates but in its Salary Scales it has 
provided that this figure should be a 
reasonable one having regard to the fact 
that, at that time, the individuals will 
usually have family commitments. 

What of the future? It would seem 
that the really good graduate will always 
have a good chance in industry but that 
the less able may have to be content with 
less glamorous posts and may also take 
longer to find them. It may be found also 
that holders of the Diploma in Tech- 
nology may replace University Graduates 
in a number of posts in industry and the 
former may in the words of The Times 
article, ‘have to look at other things 
the Civil Service or teaching, for 
example’. This raises an_ interesting 
position in that the supply of science 
teachers, about the shortage of whom 
many words have been spoken, may be 
increased by the operation of these 
economic forces. What is important, 
however, is that the teachers of science 
should be of the right quality and not 
merely those who are not good enough 
to obtain posts in industry. In this 
connection, it may be remarked that the 
mere possession of a science degree does 
not mean that the holder will make a 
good teacher. The teacher must be one 
who has the ability to impart knowledge 
to others and a suitable background. 
His knowledge should not be confined to 
that of his own special subject, and the 
University graduate would appear to be 
perhaps generally in a better position 
than the holder of a technological quali- 
fication gained by part-time study in this 
respect. 

The position outlined above seems a 
remarkable and sudden reversal of the 
recent widely advertised ‘Shortage of 
scientists’. One wonders whether the 
shortage may have been due in part to 
the rush by employers to recruit gradu- 
ates, perhaps for the purposes of 
prestige, and the subsequent use of these 
men in posts for which a science graduate 
was not really necessary. 

This possibility was touched upon in 
an article which appeared in the Daily 
Telegraph as far back as March 29, 1957, 
entitled ‘Square Peg Scientists’. This 
article was based on a survey which the 
B.A.C. conducted among its members 
on behalf of that paper and the following 
is an extract from it: ‘The young 
graduate in science has the world at his 
feet. The big firms wooed him even 
before he got his degree; the advertise- 
ment columns smile welcome. But are 
his services always used to the best 
advantage? Scarcity always breeds 
scarcity. Yet I was shocked by the Ph.D. 
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of Chemists 


in chemistry, working in a Government 
research department, who told me: “The 
shortage of qualified scientists is very 
largely artificial. Employers view their 
services much as the wartime housewife 
viewed her nylons: you buy more when- 
ever you can, whatever the state of your 
cupboard”’.’ 

In conclusion, it may be mentioned 
that the average weekly number of 
vacancies appearing in the B.A.C. 
weekly Appointments Circular, over the 
last few months, is something like 15 per 
cent less than the average during 1958. 


Obituary 
We regret to announce the death of the 
following member: 
W. Mann. Aged 58. Elected member 
1934. Yorkshire Section. 


Life Members 
The undermentioned have been elected 
Life Members of the Association: 
H. E. Holland. Elected member 1919. 
London Section. 
S. B. Phillips. Elected member 1920. 
Birmingham and W.M. Section. 


Trading Scheme 
A new arrangement has been made 
recently whereby members of the B.A.C. 
can obtain a wide variety of articles, as 
well as some services, at a substantial 
saving in cost! 


News from the Sections 





London 
A visit to Oxford, by coach, has been 
arranged for Sunday, June 7, 1959; 
leaving London at 10 a.m. and returning 
from Oxford at 7.30 p.m. 

Members will be free to make their 
own arrangements in Oxford; details of 
restaurants, colleges and museums, and 
times of river steamers will be available 
during the coach journey. 


Liverpool 

The 42nd Annual Meeting of the Section 
will be held on Wednesday, May 29, 
1959 in the Grenville Cafe, 16 Tithebarn 
Street, Liverpool, 2. The meeting will be 
preceded by tea at 5.45 p.m. at the 
normal charge. The meeting will be 
followed as last year by a theatre visit. 


All correspondence and enquiries 
‘concerning this Association should 
be addressed to G. R. Langdale, 
Esq., The British Association of 
Chemists, Nomination Dept., 14 
Harley Street, London, W.1. 
Tel.: Museum 7021. 
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HE ‘highest-pitch sound’ ever repor- 

ted has been achieved by scientists 
who believe their accomplishment will 
open the way for new discoveries in 
solid-state research. 


‘Sound’ waves with a frequency of 


10,000 megacycles (10 billion cycles per 
second) have been produced by Dr. 
Edward H. Jacobsen of the U.S. General 
Electric Company. This frequency is 
almost one million times greater than the 
highest-pitch sound the human ear can 
hear. 

Lower pitched ultrasonics have been 
used widely in recent years for such 
special industrial jobs as cleaning metal 
parts and inspecting huge castings. The 
new ultrasonic frequencies will find their 
first applications in the laboratory, 
according to Dr. Guy Suits, General 
Electric vice-president and director of 
research. ‘One of the powerful techniques 
of solid-state research is to study 
materials by poking them, probing 
them, and shaking them—and observing 
how they react. Now we have one of the 
most effective methods yet for ‘shaking- 
up’ the atoms in solids’, Dr. Suits said. 

It is expected that the extremely high 
frequency vibrations will be used 
initially to investigate phenomena such 
as the energy levels of atoms and the 
interactions of electron spins in a crystal 
lattice. 

In the past, new research tools of this 
sort have always opened new vistas for 
exploration and discovery beyond those 
seen at the moment. Many important 
uses in the study of solids are seen, but 
science and technology will probably feel 
the greatest impact of this achievement 
through discoveries yet to be made with 
it. 

Dr. Jacobsen created the 10,000 mega- 
cycle sound waves by combining techni- 
ques used in the propagation of micro- 
wave electro-magnetic radiation with 
those of conventional ultrasonics. He 
applies microwave pulses to a quartz 
crystal in a specially designed cavity- 
resonator device. 

The crystal is kept at temperatures as 
low as 2° K. (— 456°F.). The low tem- 
peratures assist in keeping the ultra- 
sonic vibrations from ‘degenerating’ into 
vibrations associated with the heat 
content of the material. 

This unusual type of ‘heat barrier’ is 
one of the biggest problems in achieving 
higher and higher frequencies. 

Dr. Edward H. Jacobsen is a 33-year- 
old physicist working in the field of 
solid-state physics at the U.S. General 
Electric Research Laboratory at 
Schenectady, New York State, since 
1955. He was born in Elizabeth, New 
Jersey, and gained his Ph.D. at the 
Massachusetts Institute of Technology in 
1955. He was previously a Fulbright 
Fellow. 


196 





Laboratory Note-Book 


Chinese Scientific Literature 


The Lending Library Unit of D.S.I.R. 
has started to collect Chinese scientific 
literature. About 150 Chinese periodicals 
are now on regular order and the first 
batch has arrived at the Library's 
London premises. 

This is announced in the March issue 
of the recently introduced ‘*L.L.U. 
Translations Bulletin’ (H.M.S.O., price 
4s.). In a special article, the Bulletin 
Suggests that we cannot ignore the 
scientific output of China, which may be 
growing rapidly. 

Already the Lending Library Unit is 
noted for its large collection of Russian 
scientific literature, which is available to 
research, industrial and other organiza- 
tions, through a loans service. The 
Library also organizes a scheme for the 
translation of Russian scientific litera- 
ture, in collaboration with the National 
Science Foundation in the United States. 
This may possibly be extended in the 
future to include scientific literature 
from China. Meanwhile, the contents of 
these Chinese publications must be 
assessed, and a scientist with a know- 
ledge of Chinese is being recruited by 
L.L.U. to select and promote the use of 
Chinese scientific and technological 
literature. 

The Lending Library Unit in London 
is the nucleus of the new National 
Lending Library for Science and 
Technology, which will be set up at 
Thorp Arch, near Boston Spa, Lincs., in 
1961. 


The Wolfe Award 


Lord Hailsham, the Lord President of 
the Council of the Department of 
Scientific and Industrial Research has 
presented the Wolfe Award in the form 
of a cheque for £500 to L. Essen, 0.B.£., 
D.Sc., Ph.D., A.M.LE.E., at the Privy 
Council Office. This is the first of ten 
annual awards to be made, under the 
terms of a will, to the research worker 
who is considered by the Department of 
Scientific and Industrial Research to 
have made an outstanding contribution 
to the research work of the Department 
during the previous 12 months. 

Dr. L. Essen, a Senior Principal 
Scientific Officer at the National Physi- 
cal Laboratory, was selected for the 
award on account of his work on the 
establishment of an atomic frequency 
standard as a basis for the future stan- 
dard of time. 

The award is named after the bene- 
factor who did not want publicity 
attached to his action. 

Dr. Essen’s work on the establishment 
of an atomic frequency standard as a 
basis for the future standard of time has 
extended over several years. The results 
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announced during the past year are 


regarded as the culmination of a 
brilliant series of researches. 

Although the first attempts to employ 
molecular and atomic ee as 
‘clocks’ were made in the U.S.A., Dr. 
Essen was the first to appreciate the vital 
importance of this earlier work as a 
possible means of realizing a practical 
standard of frequency and thus of 
providing the basis for a new physical 
standard of time. He saw this with great 
clarity and acted upon his ‘hunch’ with 
such effect that he is now acknowledged 
internationally to be the pioneer in this 
field of high metrology. Confirmation of 
this assessment was obtained at the 
general assembly of the International 


Astronomical Union in Moscow in 
August 1958, when he was assigned 
pride of place in an_ international 


symposium on ‘Rotation of the Earth 
and Atomic Time-Standards’. 

The N.P.L. caesium frequency stan- 
dard is used to calibrate the group of 
quartz clocks at the N.P.L. and to 
monitor the M.S.F. standard frequency 
transmissions. Valuable information has 
been produced on the performance of 
quartz clocks, the propagation of radio 
signals, the periodic and _ irregular 
variations of the rate of rotation of the 
earth, and the value of the present 
international standard of time in terms 
of a particular frequency of the caesium 
atom. 

The unit of time provided by the 
present atomic frequency standard can 
be determined in a few minutes to an 
accuracy of two parts in 10,000 millions. 
This figure of merit is ten times better 
than that recently announced from 
measurements, extending over three 
years, of the astronomical unit based on 
the period of the earth's revolution 
round the Sun. The N.P.L. standard has 
in effect been the time standard of the 
world for the past three years. 

The comparison of different caesium 
standards carried out in 1958, both 
directly and by radio transmissions, has 
also established that the standard is 
adequate to meet the demands of 
improved aerial navigational systems 
and also that times and frequencies can 
be compared over very long distances 
with the accuracies required by these 
systems. 

Dr. Essen earlier developed the quartz 
ring-oscillator which is widely used as a 
physical standard of frequency and as a 
‘clock’ in laboratories and observa- 
tories. 

In 1949 he showed experimentally 
that the accepted value of the velocity of 
electromagnetic waves, determined by the 
classical optical methods, was in error 
and the more accurate value he measured 
in 1950 has since been fully confirmed by 
others. 
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EQUIPMENT & APPLIANCES 





The England Finder 


A new graticule has been introduced for 
the use of microscopists. 

Devised by C. N. England of Leeds 
University, the England finder provides 
an accurate reference system for the re- 
location of fields of interest on specimen 
slides not only for the user himself, but 
for any other viewer using any micro- 
scope and any finder. The system is so 
simple and its application so universal 
that it is expected that the reference 
method will be adopted by microscopists 
the world over. 

(Manufacturers: Graticules Ltd., 57-60 
Holborn Viaduct, London, E.C.1.) 


Herzog Circulation 
Thermostats 


A comprehensive range of circulating 
thermostat baths of improved design is 
now available for temperatures of 
-50 °C. to 300°C. External circulation ts 
provided by a detachable pump of high 
efficiency mounted above the fibre-glass 
insulated bath, the temperature being 
controlled to 0-01°C. by a mercury 
contact thermometer; electronic relays 
are available if required. The heat input 
can be present in three incremental steps 
and an auxiliary heater provides accele- 
rated heating up to the control tempera- 
ture. The bath capacities vary from 2-5 






, 


The Herzog circulation thermostat. 
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litres to 40 litres, the largest having five 
apertures to accept beakers or similar 
vessels up to 15 cm. diameter. 

Models are available with internal 
illumination and an observation window 
for U-tube viscometers. 

The unique Dia-Thermostat elimi- 
nates resistance heating elements by 
directly heating the copper sulphate 
solution used as the bath liquid; in this 
manner very rapid heating and a tem- 
perature constancy of 0-002°C. is 
achieved 
(Manufacturers: Scientific Furnishings 
Ltd., Poynton, Cheshire.) 


New Siainless Steel General 
Purpose Water Bath 


The new general purpose water bath is 
of matt polshed stainless steel of welded 
construction, the top being integral with 
the working space. The outer casing is of 
mild steel welded construction, rust- 
proofed and finished in high-grade 
hammer pattern silver-grey stove-enamel. 
Heating is by means of a specially 
designed 1,000 watt mat type element 
which ensures even application of heat 
over the whole bottom of the working- 
space: the windings are so wound as to 
minimize the watts-density per square 


Stainless steel general purpose water bath. 


inch, thus the life of the 
heater. 

The working-space is large, 18 in. 

12 in. 74 in. deep (overall dimensions 
are 23 in. 14 in. 94 in. deep) and 
has been designed to take standard racks; 
it is insulated from the outer case by 
fibre-glass slabs. 

Controls are conveniently situated at 
one end of the bath and consist of a 
thermostat setting-knob working on a 
nominal scale, and mains and control 
lamps of the insert type. 

The hydraulic type thermostat controls 
the bath temperature and all settings 
from ambient to boiling point, with an 
accuracy of within — 0-5°C., and there is 
excellent distribution throughout the 
working-space. 

Designed to meet the demands of 
industry, education and medicine, this 
stainless steel bath is available at the 
exceptionally low price of £27. 10s. Two 
types of lid (fabricated from stainless 
steel) are available as optional extras: 
gabled pattern at £6. 17s. 6d. and flat 
type at £3. 18s. 6d. 

(Manufacturers: Charles Hearson & 
Co. Ltd., Willow Walk, London, S.E.1.) 


increasing 


CATALOGUES, BROCHURES & LEAFLETS 


Received from Manufacturers 


Laboratory Furniture and Fittings.—A 
catalogue comprising a comprehensive 
guide to the furniture and fittings re- 
quired in a modern laboratory has now 

een published by A. Gallenkamp & 
Co. Ltd., of Sun Street, London, E.C.2. 
In addition to the finishes and bench 
assembly methods which are listed, the 


company can also supply purpose- 
made benches and fittings to meet 
individual requirements. 

Ml & B Laboratory Bulletin —The 


February 1959 issue of the M & B 
Laboratory Bulletin (Vol. III, No. 4) 
published by May & Baker Ltd. of 
Dagenham, Essex, continues the series 
of articles on The Chemist in Industry 
with a section on dyestuffs. Other 
articles deal with interesting laboratory 
chemicals, science fiction, and laboratory 
apparatus. 

Gas Analysers.—Under this heading 
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the Cambridge Instrument Co. Ltd. of 
13 Grosvenor Place, London, S.W.1 have 
issued a new booklet which describes 
some of the technical problems associa- 
ted with gas analysis by the thermal 
conductivity method. Sufficient theore- 
tical information is given to explain why 
gas analysers must be specified for, and 
integrated with, particular plant and 
operating conditions if satisfactory 
results are to be obtained. 

B.D.H. Leaflets.—New entries in the 
catalogue of British Drug Houses Ltd., 
Poole, Dorset, are listed in the February 
1959 issue of their monthly leaflet. These 
are as follows: Organic and Inorganic 
Chemicals.—N-benzyl-trimethyl am- 
monium methoxide, p-chloro-benzalde- 
hyde, methane-thiol, 2-deoxy-D-gul- 
cose, and _ tetra-7-butyl ammonium 
hydroxide. Solutions for Analytical 
Use.—Tetra-n-butyl ammonium hydr- 
oxide. 
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General 


Hospital Equipment and Medical Ser- 
vices Exhibition 

The International Hospital Equipment 

and Medical Services Exhibition is to be 

held at Olympia from May 25 to 30, 

1959. Throughout the week, conferences 


will be held on the premises by the 
Institute of Hospital Administrators, the 
Institution of Hospital Engineers, the 
Institute of Public Supplies Officers, the 
Society of Hospital Laundry Managers, 
the Chartered Society of Physiotherapy, 
and the Hospital Caterers’ Association. 

Among the equipment already to be 
shown at the Exhibition is the following: 
Laboratory and pharmaceutical equip- 
ment; sterilizers; surgical instruments; 
operating tables; respiratory apparatus; 
syringes; lead protective equipment; 
oxygen therapy equipment; X-ray screens 
and equipment; surgical dressings; 
refrigerated blood-storage cabinets; 
electro-medical equipment; orthopaedic 
apparatus; sealing machinery; hospital 
ward furniture; nurses’ room furniture; 


window blinds and curtain tracks; 
weighing machines; bed-linen and 
towels; cabinets and lockers; invalid 


chairs and walking aids; sanitary ware; 
furnishing fabrics; trucks and trolleys; 
laundry machinery; floor maintenance 
equipment; detergents and polishes; 
water and space heaters; washing 
machines, irons and spin dryers; auto- 

matic towel cabinets; garments and 
protective clothing; plastic foam pro- 
ducts; catering and cooking equipment; 
food conveyors; dishwashing machines; 
canteen and office furniture; milk dis- 
pensers; electric food mixers; peelers, 
mincers and slicers; stainless steel hollo- 
ware; potato crisps and cooking fats; 
staff location and inter-com. systems; 
television, radio, and push-button tele- 
phone system. 


Forth River Purification 
The Forth River Purification Board is 
to build a laboratory near Bannockburn. 
This will be a single storey unit, with 
500 sq. ft. of office space, laboratory 
facilities and a garage. Cost of erection is 
estimated at £6,500. 

The laboratory will become the centre 
for analysis and control of water condi- 
tions in the area which is covered by the 
Board. 


Personal Notes 


Mr. Robert Douglas Baird 
Mr. Robert Douglas Baird, B.A., E.R.D., 
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has been appointed a Director of Baird 


& Tatlock (London) Ltd., and of 
Hopkin & Williams Ltd. 
Mr. Baird is a grandson of the 


founder of Baird & Tatlock (London) 
Ltd. He was educated at Winchester and 
Cambridge, where he read for the 
Mechanical Science Tripos. On leaving 
Cambridge, he joined the army in 1943, 
was commissioned in the R.E.M.E., in 
1944, and posted overseas in 1945. After 
demobilization in 1946 he returned to 
Cambridge to take the Certificate in 
Education, and since 1947 he has been 
teaching mathematics at Eton College, 
where he is also the Careers Master. 


Mr. M. G. Boycott 


Mr. M. G. Boycott has been appointed 
sales manager by R. & L. Enterprises 
Ltd. of Stanningley, nr. Leeds, to 
develop sales of new products being 
brought forward as additions to their 
range of laboratory metal equipment. 
Mr. Boycott took up his appointment on 
April 1 and expects to make personal 
contact with all customers in the near 
future. 


Manufacturers’ News 





Rocol’s London Office Moves 


The London Office of Rocol Ltd., the 
originators and manufacturers of a wide 
range of molybdenum disulphide and 
other specialized lubricants for industry, 
engineering, public works machinery, 
scientific development and almost every 
other field of industry, is now situated 
at General Buildings, Aldwych, London, 
W.C.2, telephone Holborn 1985. 


Laboratory Equipment on Show 


Quickfit and Quartz Ltd., gave a special 
exhibition of laboratory apparatus for 
research and teaching purposes at the 
Royal Institute of Chemistry meeting at 
the College of Technology, Ashley 
Down Road, Bristol, from April | to 3. 

Quickfit and Quartz exhibited assem- 
blages ranging from semi-micro to macro 
scale units designed to show the ease 
with which completed units may be 
gradually built up from basic sets of 
parts. 


New Instruments for Science and Industry 


An exhibition of photometric instru- 
ments and microscopes of all types, 
applicable to manufacturing processes in 
almost every industry and every branch 
of medicine, science and research will be 
held in London from May I1 to May 21 
in the showrooms of Degenhardt & Co. 
Ltd. (U.K. agents for Carl Zeiss of 
Western Germany) at 6 Cavendish 
Square, London, W.1. 

Throughout the exhibition, four tech- 
nical experts from the Zeiss works at 
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Oberkochen will be in attendance to give 
advice on the applications of the instru- 
ments to British science and industry 
and the method of employment. 

At its conclusion in London, the 
exhibition will be moved to Glasgow 
where it will open at the McLellan 
Galleries on May 26 and continue until 
May 29. 

Among the most important new 
instruments to be shown is the PMQ II 
spectrophotometer, designed for ex- 
tremely rapid quantitative and qualita- 
tive analyses of compound substances. 
Although its design is extremely ad- 
vanced, the technique required to handle 
it is so simplified that it can be operated 
by personnel with very little training. Its 
extreme sensitivity is of particular impor- 
tance in the rapid measurement of low 
concentrations of trace metals in plasma 
and other biological fluids, and for such 
specialized work as artificial dialysis 
using an artificial kidney. 

Another exhibit will be the Zeiss 
electrophotometer Elko Il. This is 
designed for photometric analysis in 
research and works laboratories in every 
branch of industry. 

Two other new instruments are the 
diffusion recorder and an autamatic 
extinction recorder of electrophoresis 
paper strips. 

A wide range of microscopes with 
medical, scientific and industrial applica- 
tions will be included in the exhibition, 
including two important camera micro- 
scopes with built-in automatic exposure 
measuring devices. 

Also on show is a variety of auto- 
matic polarimeters and recording re- 
fractometers. 


Doran Instrument New Factory 


The new factory of the Doran Instru- 
ment Co. Ltd., at Stroud, Gloucester- 
shire, has now been completed and 
marks a further milestone in the 
successful progress of this company. It 
incorporates many of the modern 
improvements in factory design, and in 
particular under-floor electric heating 
installed by the Midlands Electricity 
Board. 


Phthalic Anhydride 


Howards of Ilford Limited announce 
that they have decided to install a 
phthalic anhydride unit at their works at 
Ilford. 

This unit, which will have a planned 
capacity of 3,000 tons per annum, will be 
based on a proved Continental design 
which produces a high yield of high- 
quality material and has been operated 
successfully for a period of years. Site 
preparation is well advanced and it is 
expected that the plant will be on stream 
by the end of 1959. 

Part of the output of this plant will be 
utilized for Howards’ own captive use 
in the manufacture of their specialized 
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phthalate esters but a substantial propor- 
tion will be available for sale. 

Considerable surplus production capa- 
city for phthalic anhydride exists both in 
the U.S.A. and Europe as a whole but, 
up to the end of last year, the United 
Kingdom was a large importer. The 
major producers in the United Kingdom 
have recently announced increases in 
their production capacity and Howards 
estimate that, when their own plant 
comes on stream, the needs of the 
United Kingdom market for this 
material will be fully met from home 
production. 


Benzoic Acid 
Benzoic acid P.V.S.—Purified for 
Volumetric Standardization—is now 
available from Hopkin & Williams Ltd. 
Benzoic acid has been recommended as 
an alkalimetric standard in volumetric 
analysis by a number of workers and 
has also been widely employed as a 
standard substance in calorimetry. For 
both purposes, purification by fractional 
freezing has been described and the 


efficiency of the process has _ been 
thoroughly tested. 
The development of zone refining 


techniques has made it possible to apply 
the principle of fractional freezing in a 
new and particularly effective way. 
Benzoic acid is ideally suited to purifica- 
tion by the ‘zone melting’ process, and 
benzoic acid P.V.S. is produced by the 
application of zone purification to 
benzoic acid ‘AnalaR’, which is over 
99-9 per cent pure. The resulting product 
may be accepted as of 100-00 per cent 
purity. 

The passage of six molten zones 
through the column of starting material 
concentrates the impurities at one end, 
leaving a column of completely homo- 
geneous purified material. In practice, 
eight zones are passed through the 
column, the impure section is rejected 
and the remainder is melted out, 
powdered in a glass mortar and trans- 
ferred to dust-proof bottles, under close 
supervision in the H. & W. Research and 
Development Laboratories. 

The equipment used for purification is 
the B.T.L. zone melting apparatus 
(N.C.L. pattern), which has _ been 
developed and produced by Baird & 
Tatlock (London) Ltd. from the N.C.L. 
apparatus described in “Chemistry and 
Industry’, April 28, 1956. A full des- 
cription of the B.T.L. apparatus, which 
has a capacity of the order of a kilo- 
gram, will be provided on request. 

Further information on benzoic acid 
P.V.S. is included in the new edition of 
‘P.V.S. Reagents, Purified for Volumet- 
ric Standardization’, published by 
Hopkin & Williams Ltd. and available 
on request, which outlines the qualities 
demanded of a volumetric standard, lists 
the materials chosen after a_ very 
critical selection, and gives details of the 
literature, starting material, method of 
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B.T.L. 


zone melting apparatus in use in 
the H. & W. Research Laboratories for 
the preparation of benzoic acid P.V.S. 


purification and drying conditions for 
each reagent. 


A New Blood Agar Base 


The production of a single medium which 
provides the essential nutrients for the 
various pathogenic bacteria, is an 
achievement of interest to every bac- 
teriologist. 

Such a medium not only fulfils the 
growth requirements, but also is capable 
of producing colonies with the typical 
characters which make recognition easy 
and simple. Clear zones of haemolysis in 
the haemolytic streptococci with lack of 
pigmentation, typical colonies in the 
pneumococci, pigmentation in_ the 
staphylococci are examples of characters 
which help the bacteriologist but which 
also can be varied with the medium. The 
advantages of such a medium are: 

1. It is produced in conformity with 

rigid standards. 

2. The composition can be defined 
exactly. 

3. It saves time, labour and labora- 
tory space in making various con- 
coctions. 

Apart from these it offers to the 
teaching bacteriologist a new approach. 
It is no longer necessary to resort to meat 
extract, brain, lung, heart, etc. or blood 
to provide the factors for the growth of 
even the most fastidious pathogens. 

To the research worker concerned with 
chemotherapeutic studies it offers the 
advantage of being a medium of defined 
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composition—simple in its composition 
and reproducible in its results. To the 
bacteriologist who is concerned with the 
manufacture or extensive use of 
bacteriological media, this substance 
offers a complete replacement for pep- 
tone, meat extract, yeast extract, malt 
extract or any other infusion which is 
being used. In addition to offering a 
complete replacement for the foregoing 
substances it offers a considerable 
economic saving in routine usage. 

This new substance is available under 
the trade name of ‘Labacta’. It is 
available as a blood agar base in the 
form of dehydrated granules. The 
granules are non-hygroscopic, have an 
indefinite shelf life and the pH is set at 
7-4. The medium is also isotonic and is 
highly compatible with blood. 

*Labacta’ can also be offered without 
agar agar to replace meat extract, yeast 
extract, malt extract and peptones in the 
manufacture of laboratory media. 

The new base is manufactured by Bell 
& Sons Ltd., Liverpool, and the sole 
distributors are J. W. Towers & Co., 
Widnes, Lancs. 


Wild-Barfield in Paris and Poznan 
Wild-Barfield Electric Furnaces Ltd. of 
Watford will be exhibiting at the Ve 
Salon de la Chimie to be held in Paris 
from June 16 to 30, 1959. Equipment to 
be shown will include a variety of 
laboratory muffles, a laboratory resis- 
tance heated vacuum furnace and a 
vacuum fusion gas analyser Model 912. 
This last item will be demonstrated by 
means of an illuminated diagram which 
will illustrate the stages of analysing 
samples of steel, etc., to determine the 


content of hydrogen, oxygen and 
nitrogen. 

The vacuum resistance furnace men- 
tioned is Model 2904 and has been 


designed to enable research work on 
special alloy steels and other metals to 
be carried out prior to their full scale 
production in a larger vacuum furnace. 
It is compact and self-contained and may 
be used for melting, alloying, pouring, 
heat-treating, sintering and annealing 
under vacuum or in an inert gas atmos- 
phere. Temperatures up to 2,200°C. 
(3992°F.) may be obtained with close 
control and good heat distribution. When 
arranged for tilting, the equipment has a 
capacity of approximately 2 Ib. (0-91 
kg.) steel, or 8 lb. (3-64 kg.) approxi- 
mately when non-tilting. Equivalent 
volumes of other metals may be 
accommodated. An ultimate vacuum in 
the range 10-°mm. Hg. may be obtained. 

In the British Pavilion at the Poznan 
International Fair to be held from June 
7 to 21, 1959, the company will be 
exhibiting a number of standard pro- 
ducts. Additional to a selection of 
standard laboratory muffles will be 
self-contained electrode salt bath 
Model ESB 69—and a resistance heated 
vacuum furnace for laboratory use, 
Model 2904. 
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New Laboratory for Semiconductors Ltd. 
The Applications Laboratory of Semi- 
conductors Ltd. is now installed in its 
new building adjacent to the Swindon 
factory. The laboratory has _ been 
specially equipped to provide immediate 
and detailed design assistance to manu- 
facturers of transistorized equipment. 
Other responsibilities include the develop- 
ment of transistor application techni- 
ques and the preparation of Semicon- 
ductors Transistor Application Notes. 


Export Drive 
Now that all export restrictions have 
been lifted in respect of the company’s 
products, Isotope Developments Limi- 
ted is going all out to increase trade 
with the Soviet Bloc countries. Already 
some appreciable orders have been 
received from the Chinese People’s 
Republic and from Poland. 

In March of this year, the company 
exhibited for the first time at the 
Leipzig Fair. on the stand of the 
Dominion Export Company. Consider- 
able interest was aroused by the new 
Scaler 1700, and there are prospects for 
early business from several countries —in 
particular Eastern Germany. 


Muscles of Control 
The Fisher Governor Company of 
Rochester recently presented the first 
showing of the new instructional full 
colour film made in America ‘Muscles 
of Control’. 

It summarized the dependence of 
today’s process industries on the auto- 
matic control valve—fundamentally, a 
device for controlling the flow of fluids 
in a process line. Working diagrams 
supported the narrative and many 
technical difficulties in selecting the right 
valve for the right job—the underlying 
theme of the whole film—were demon- 
strated and explained. 

Copies of this film are available on 
free loan from the Fisher Governor 
Company. 


Publications 


Chemical 

Methods 
The Tintometer Ltd. have now published 
the fifth edition of their popular hand- 
book ‘Colorimetric Chemical Analytical 
Methods’ (price 30s. net. pp. 360). 

This new edition has been entirely 
rewritten and enlarged and to allow for 
additions, it has a hard-wearing stiff 
cover and a loose-leaf ring binder. Each 
book is sold with an offer of free copies 
of new additional pages as they are 
issued for a period of two years. 

The tests which have been formulated 
and checked by an expert in that 
particular work are discussed in relation 
to the various applications which may 
be required, with general background 
notes in many cases concerning reli- 
ability, special precautions, and sug- 
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gested uses. Then follow details of 
reagents required and the step-by-step 
technique for performing the test 
together with a list of bibliographical 
references for further reading if required. 
In all, over 150 different tests are dealt 
with and fresh ones will be added to the 
book as they become available. 

The book is divided into the following 
sections, each of which are clearly 
colour-coded to show its correct 
position in sequence: Lovibond appara- 
tus; pH of aqueous solutions, blood, 
electro-plating solutions, soil and urine; 
inorganic; organic; medical; noxious 
vapours; and colour and quality grading. 


Opportunities for School Leavers 
‘There has never been a time at which so 
many opportunities have confronted the 
younger generation.” So says Lord 
Monckton in the Preface to the new 
edition of the Directory of Opportuni- 
ties for School Leavers (Cornmarket 
Press Ltd. 5s. net). 

This encouraging news is amply con- 
firmed by the reference section of the 
Directory, which sets out the openings 
for employment and the opportunities 
offered to all school leavers by industrial 
and commercial organizations, and 
government departments throughout 
Great Britain. 


1.C.E. Regulations 


The Institution of Chemical Engineers 
have issued a new edition of the “Regu- 
lations for the Admission of Student, 
Graduate, and Corporate Members, and 
for the Examination of the Institution’. 

The Regulations now contain some 
guidance on ‘Training and Experience’ 
requirements for Associate Membership; 
also of interest is the new syllabus for 
Paper D (Engineering Drawing) of the 





Institution Examination which is to 
come into force starting with the 1960 
Examination. The latter has been inser- 
ted in the Regulations as a leaflet (with 
new membership subscription rates on 
the reverse). 

The Engineering Drawing Syllabus 
has been revised with a view to giving 
teachers and students more advice on the 
content of this part of the Examination. 


Kodak Data Book Expands 
The familiar four-volume Kodak Data 
Book of Applied Photography, which 
embraces photography in industry, 
medicine, research, education, etc. is to 
be expanded to five volumes to keep pace 
with the growing number of new photo- 
graphic applications in these and other 
fields. The extra volume will allow for 
quick reference and the easy insertion of 
new sheets. 
Present subscribers to the Data Book 
are offered a choice of two alternatives: 
1. The Data Book Conversion Set at 
10s, comprising: 
A binder for Volume 5. 
A set of fly cards for five volumes. 
A set of thumb-tabbed section 
cards for five volumes. 
A revised index. 

2. The Data Book Renovation Set at 
30s. 
A set of five 
Volumes 1-5. 
A set of fly cards for five volumes. 
A set of thumb-tagged section fly 
cards for five volumes. 
A revised index. 

Cost to new subscribers of a complete 
five-volume Data Book is 3§ guineas 
inclusive of one year’s renewal service. 
The annual subscription to the Data 
Sheet renewal service remains at 10s. 6d 


new binders for 


MEETINGS FOR THE MONTH 


Mid-May to Mid-June 


We give below a selection of meetings of 
interest to laboratory workers. Details 
are as full as possible at the time of going 
to press, but readers requiring further 
information or confirmation of arrange- 
ments should contact the organizers. 


Mai 12 
The Society of Instrument Technology 
(Manchester Section). At the Manchester 


Room, Central Library, St. Peter's 
Square, Manchester, |. 6.30 p.m. 
Annual General Meeting and ‘Tem- 


perature Measurement with Resistance 
Thermometers’, by C. K. Massey. 


May 14 
The Physical Society (Acoustics Group). 
At Imperial College, London. ‘High 
Energy Ultrasonics’, by E. Neppiras. 
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Vay 20 
The Society of Instrument Technology 
(Newcastle Section). At King’s College, 
Stephenson Buildings, Newcastle-on- 
Tyne. 7 p.m. Annual General Meeting 


May 21 
The Physical Society. The Presidential 
Address will be delivered to members of 
the Society by J. A. Ratcliffe, c.B.E., 
M.A., F.R.S., in London 


June § 


The Society for Analytical Chemistry 
(Western Section). Joint Summer Meet- 
ing with the Poole Technical Group at 
Poole. 
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*... let’s get this straight. If you want water 
of distilled) quality, one of those twin-bed 
arrangements will do, If you want conductivity 
quality, you need a mixed-bed cartridge like the 
“Loughborough” deioniser, But not both ways.’ 

‘But there, my dear sir, is where you are 
wrong! You can have “distilled” or “conductivity” 
waler up to 30 gallons an hour of it— from 
Loughborough’s new Stonwata A.300 deioniser. 

‘Now, just a minute! “ Distilled” or 
‘conductivity ” water out of the same tap? 
That’s stretching it a bit far, isn’t it?’ 

‘Not a bit. The A.300 is really two units in 
one. The multi-bed unit produces * distilled ” 
water. You can either use it as it is, or pass it 
through the mixed-bed cartridge to step it up to 
* conductivity ” level — all at the turn of a tap.’ 

‘Mm! Sounds feasible — but I shudder to 
think of the regeneration problems.’ 

‘Not with this one. The clever way the 
multi-bed unit’s been designed makes that very 
simple -— you just fill up the built-in tanks wits 
regencrants, open the valves, and in an hour it 1s 
ready to yield another 300 to 2,000 gallons, accord- 
ing to your water supply.” 

‘And the cartridge ...?° 

‘Oh! That goes back to Loughborough, but 
since it has “ distilled ” water fed to it, you only 
need to do this every 1.000 gallons or so.’ 

* 300-2.000 gallons, eh ? Vm going to find out 
more about this.’ 

* Well, you only have to drop a line to... 


LOUGHBOROUGH GLASS COMPANY LTD., LOUGHBOROUGH, LEICS. 
TELEPHONE: LOUGHBOROUGH 4881 


TELEGRAMS: GLASS-TELEX-LOUGHBOROUGH TELEX: 34/629 





LABORATORY PRACTICE cvii 




















~-- you still use EST. 7€COn 1888 


fractional weights? 














— ~~ 
| 
5 
5 f 
04 0 0.6 0.7 0.8 Specially designed thermometers for ali f 


y 4 


hilly, 


Laboratory purposes. 
Made in accordance with 1.P., B.S.1., 
S.T.P.T.C. & A.S.T.M. specifications. 


0, 














N1y], Short range, short stem, Calori- < 
meter and Secondary Reference ‘é 
Standard thermometers. ; fe 
N.P.L. Certified if ‘ a Precision Hydrometers 
required. fe for Density, Specific 
4 Gravity and all Arbitrary 
. P : a scales. 
* Fractional weights are shown directly Va asain i 
on the 84 inch long scale. 4d Glass sheathed Insulated thermo- 
meters for Chemical purposes. 


* Special damping device brings the _ Mercury in Steel, Vapour Pressure and 
: P Bimetallic thermometers. 
pointer to rest almost instantaneously. 








Faster reading, easier operation and consist- 
ent accuracy have made the Ultra Rapid 


Precision Balance T ype 722 the perfect gen- 

eral-purpose laboratory balance. There is 

no need to fiddle with fractional weights or 7 * LTD 
” 


wait for the pointer to come to rest—it’s 
instantaneous. Made in seven sizes with LOMBARD RD., MORDEN RD., LONDON, S.W.19 
pee: . . . - 

capacities sb Sachin from 200 to 15,000 Phone: Liberty 2283/4/5/6. Grams: Zealdom, Souphone, London 
grams. There is a suitable balance to meet 
any requirement likely to be encountered 


in general laboratory work, other than laboratory ball mills 


analytical. Further details on request. 











Available in many 
types for rolling 
Instantaneous ceramic, metal and 
rubber pots from 
S-gallon to 1-pint 


reading down nominal capacities. 
to 5 mg. Mill illustrated is an 


extremely useful unit 
for carrying out sev- 
eral jobs at the same 
time on one or more 
materials of varying 
quantity or time of 
processing. 











Arranged with three 
separate motors and with 
three pairs of 24” diameter white 

rubber bonded rolls in three tiers. 
Usable with all three in operation or one 
or two separately. Each tier will carry two 1-gallon 

or three 4-gallon or four 2-pint or five 1-pint pots 
and combinations of these can be operated at che same time 


Mill shown is only one of many types available from miniature 
1-pint model for processing small quantities of expensive materials 
to larger 5-gallon model with tilting cradle in which the pot is 
securely held, charged, operated and discharged without having 
to lift this heavy pot from cradle. 








SHANDON SCIENTIFIC COMPANY LTD. 
6 Cromwell Place, London, S.W.7. KNightsbridge 1131 








a THE PASCALL ENGINEERING CO. LTD. 
rawley 25166 for 
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STABILITY 


Newport Instruments give real meaning to 
the word with this new current-stabilised 
power unit. 


























The Newport Type B unit provides a rectified, stablised 
and smoothed D.C. output, steady to within 0-15 mA 
regardless of mains fluctuations within + 4 per cent. 
Output current can be adjusted from 0-9 to 12 amps at 120 
volts maximum. 


This unit has a flat top designed for mounting magnets, 
instrument racks, etc., up to a maximum weight of 
' 12 cwt. (6-1 kg.). 


The illustration shows a 4 inch, high homogeneity 
Newport electromagnet Type A with a Type AE rotating 
base, mounted on the power-supply unit. 


For full particulars of the Type B power supply unit 
and Newport electromagnets and instruments write to: 


| NEWPORT INSTRUMENTS (Scientific & Mobile) LTD 
NEWPORT PAGNELL . BUCKS . ENGLAND 


Telephone: NEWPORT PAGNELL 401/2 





VERNIER MEASURING MICROSCOPE 


An illustrated brochure will be sent post free on request 


JAMES SWIFT & SON LTD 
| . 7 ; 113-115a CAMBERWELL ROAD, LONDON, S.E.5 RODney 5441 
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is 


STEREOSCOPIC BINOCULARS 












The many applica- 
tions in industry and 
science for which this 
type of microscope is 
suited are fully ex- 
plained in a booklet, 
post free on appli- 


cation. 








69-71 MORTIMER STREET, LONDON, W.1 











Laboratory supplies 


> LABORATORY CHEMICALS 
> PHYSICS APPARATUS 
> DISSECTING INSTRUMENTS 


> MICROSCOPICAL 
PREPARATIONS 


T. GERRARD 


*LImMmiTteod 








AND COMPANY 





46-48 PENTONVILLE ROAD 
LONDON N.1 
Telephone: TERminus 8006/7 


















SAMUEL JONES & CO. 


NEW BRIDGE STREET, LONDON, €E.C.4_ Tel. FLEet Street 6500 


Stopcocks and 


/n terkey Apparatus 7 


Fitted with 











Interchangeable 


Keys 











PYREX 
GLASS 
ANY KEY 
will fit ANY BARREL 


Guaranteed within BSS 
leakage tolerance 


iViiime(-t¢-li Me igels Mm Tel MEME laltie ladles 
G. SPRINGHAM & * Co. 
HARLOW NEW TOWN 
ESSEX 
The Stopcock Peo; é 


Seal and sell your product ! 
with BRIGHTLY PRINTED 
Packaging Tape. Available , 6) 


with filmic, paper or cloth 

backing single ply or lamin- 

ated for shelf strip. Write for 
sample coils for testing. 








BurterFLY BRAN? 


LTD. 
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FOUNDED 


THE HAWKSLEY 
MICRO-HAEMATOCRIT 
CENTRIFUGE 


A new, high- 
speed centri- 
fuge specially 
designed to 
give complete 
cell packing in 
five minutes 
using a micro 
quantity of 
capillary or 
* venous blood. 





Your usual supplier of Hawksley products 
will gladly give full details 
HAWKSLEY & SONS LIMITED 
LONDON, ENGLAND 













NEW! 5th Edition of — 
‘COLORIMETRIC CHEMICAL ANALYTICAL 
METHODS’ 

Complete details of over 150 different chemical 
analytical tests, the result of collaboration with 
leading authorities in the various fields concerned. 

Wholly rewritten and many new tests added 
360 pages. Stiff covered loose-leaf binder. 
Illustrated. Completely indexed. Fresh pages sup- 
plied free as issued. Price 30s., Post 2s. 

Send for illustrated leaflet to publishers 


THE TINTOMETER LTD., 
Salisbury, England. 
































Stainless steel 
laboratory ware 


is ideal, being durable, suitable for use with 
most chemicals, and available in an extensive 
range. We are manufacturers 
of all types of stainless steel 
plant for process and labora- 
tory use, and will be pleased 
to receive your enquiries for 
many items of stainless steel 





equipment you may require. 


The Taylor Rustless Fittings Co., Ltd. 


Head Office: London Office: 
Ring Road, 14 Great Peter Street, 
Lower Wortley, Westminster, 
Leeds, 12 London, S.W.1. 


Tel.: Leeds 63-8711/2/3 Tel.: Abbey 1575 





iS BOTTLE FILLING ONE OF 
YOUR PROBLEMS? 


The solution may well be found in the ADELPHI range 
of Vacuum and Gravity Filling Machines. 


You are invited to visit our 
stand at the Second Inter- 
national Hospital Equip- 
ment and Medical Services 
Exhibition at Olympia from 
25-30th May. 


We will be showing the 
‘Junior’ Vacuum Filling 
Machine illustrated here, 
also the NEW Adelphi Am- 
poule/Vial Filling Machine 
and NEW Adelphi Ampoule 
Sealer, apart from a wider 
range of Pharmaceutical 
and Laboratory Equipment 
which will be there for you 
to see. 





The Adelphi ‘Junior’ Vacuum Filler 


ADELPH! MANUFACTURING CO. LTD. 
20/21 Duncan Terrace, London, N.1 
TERminus 2959 & 9459 
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MICRO-PROJECTOR MODEL II 


The ideal instrument for demonstrating to groups of students 
Easy to manipulate and very efficient 
NOW FITTED WITH AN ENTIRELY NEW CONDENSER SYSTEM 


EXCELLENT DEFINITION WITH x 40 OBJECTIVE AND x 100 
OIL-IMMERSION OBJECTIVE 








>. 
Mokers of Microscopes. 
Optical & Scientific ss N 
> 
—~ SCIENTIFIC INSTRUMENTS LTD. 


439a LONDON ROAD, 
BOXMOOR, HERTS. 























‘ ubes inall Standarg - 


est LZ, 12 Gs 





PHENIX Deraiiente 


HEAT-RESISTING GLASS 


British made, and at really competitive prices, 
this superior quality test tube has all the prop- 
erties and advantages that borosilicate glass 
affords. Immediate deliveries can be made ex 
stock in standard and heavy wall of any quantities. 


Ask your dealers for prices or direct from the 
manufacturers. 


G.W.S. LTD. 
47 CANNON STREET ROAD 


LONDON, E.1 
Telephone : ROYal 5411/2 







OXY-COAL GAS 
BLOW PIPE 


specially for working 


BOROSILICATE 
GLASSES (Pyrex, 
Phoenix, Hysil, etc.) 





Five jets and 
central pilot light — 
flame size selected 
INSTANTANEOUSLY 

“Ne Rotating turret 
head for easy jet selec- 
tron. 


Auxiliary supply 
of oxy coal mixture for 
hand torch 
Minimum oayoen 

consumption 
Maximum economy 
A modern oxy-coal gas blow pipe of sturdy construction evolved through 
years of practical experience in glass manipulation. A nearly silent flame 
from pin point to one capable of working 100 mm. tubing at a flick of the 
turret. To the inexperienced it gives confidence to the experienced it is an 
assurance of efficiency and sucessfully completed work. A unique instru- 
ment for the research laboratory or workshop. Send for leaflet PB/L2 


Price £21.10.0 


Obtainable only from : 


LV.D. SCORAH M.Sc. siemtrcnen. 





phone: KINgs Norton 1885 


NEW 
cascade sample divider 


A simple, inexpensive unit for 
quickly obtaining a representa- 
tive sample of any bulk material 
for a sieve analysis of the particle 
size range. 


Unic consists of astationary hop- 
per located over a cone distri- 
butor mounted on a revolving 
table around which receiving 
bins are held with easily detach- 
able clips. Hopper fitted with a 
valve providing variable control 
of discharge rate from hopper to 
receiving bins below. 


Automatically mixes, cones and 
divides a bulk sample of material 
retaining in each division same 
proportion of each particle size 
as in bulk material. 








Crawley 25166 for 
GATWICK ROAD - CRAWLEY - SUSSEX 


Write or telephone | THE PASCALL ENGINEERING CO LTD 
List SD 2505 
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PLASTIC TUBING 





@ ‘E.R.P.. WATERCLEAR FLEXIBLE 


Non-toxic for bacteriological work and 
blood transfusion—sterilizable at 120°C. 


@ ‘ESCORUBBER’ SILICONE RUBBER 
TRANSLUCENT TUBING & BUNGS 
Non-toxic—will withstand repeated dry 

heat sterilization at 160°C. 


ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Products 


2 Stothard Place, Bishopsgate, London, E.C.2 

















and Reagents 


Leishman. Pyronin. Thionin. 
Toluidine blue. TPN. 


62-page price list available on request 
Now ready: new books by Edward Gurr: 


Lacmoid. 
Ribonuclease. 


MICHROME STAINS 


for Microscopy, Histochemistry, etc. 


Adenosin. Carminic Acid. Cytase. Fettrot. Giemsa. Janus green. 
Lipase. 
Urease. etc. 


Mannitol. 





“Methods of Analytical Histology and Histochemistry’ 334 pages 
Roy. 8vo., price 70/- 
‘Microscopic Staining Techniques’ No. 4 (ist. edit.), No. 3 (2nd. 
edit., 1958) each 66 pages, each price 6/- (U.S.A. $1.00). 


EDWARD GURR LTD., 


42, Upper Richmond Road West, London, S.W.14 


Have you received 
a free copy 


of our 


18 G59? 


MAIDSTONE, ENGLAND 








GREENS’/PURE 
FILTER (PAPERS 


DESCRIPTIVE CATALOGUE 


J. BARCHAM GREEN LTD. 
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All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other 
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Replies to Box Numbers must be addressed to Laboratory Practice, 9 Gough Square, Fleet Street. 


London, E.C.4, 


The Proprietors reserve to themselves the right to refuse to insert an advertisement if they 
think proper to do so. All possible care is taken to ensure accuracy in setting up the advertisements, 
but should an error be made the Proprietors will not hold themselves responsible in any way for same_ 


SITUATIONS VACANT 


The British Boot, Shoe and Allied Trades 
Research Association 

Vacancy for Section Leader in Physics 
Dept. Interesting and varied laboratory 
work, including investigation of perfor- 
mance characteristics of shoes and 
materials (wear, waterproofness, com- 
fort properties, etc.). Prospects of rapid 
advancement for young person posses- 
sing enthusiasm and practical ability. 
Starting salary £750-£1,100. Super- 
annuation. Qualifications: Degree in 
Physics (or general science including 
physics) and laboratory experience, pre- 
ferably in instrumentation or materials 
testing. Applicants without degrees will 
be considered on evidence of other 
qualifications, experience and proved 
ability. Applications to Director, Satra 
House, Kettering, Northants. 


RESEARCH CHEMIST 

An excellent opening presents itself to 
an Honours Graduate in Chemistry, 
who would be required to undertake 
Research/Development Work for the 
Soap Industry in the South Lancashire 
Area. Candidates should have had at 
least two years experience combining 
laboratory investigation with plant work. 
A practical knowledge of spray-drying 
of powders would be advantageous. 

The position is one affording good 
prospects, the commencing salary being 
in accordance with qualifications and 
experience. 

Applications, stating age, experience 
and qualifications, should be addressed 
to Box No. 119 to be received not later 
than 15th May, 1959. 


SENIOR 
LABORATORY ASSISTANT 


Pfizer Ltd. 


require for their Chemical Control Laboratory at 
Folkestone a Senior Assistant. Previous experience 
of Analytical work is essential for this appoint- 
ment and if pharmaceutical analysis had pre- 
viously been undertaken this would be very 
advantageous. Applicants should preferably hold 
higher national certificate in Chemistry. 


The appointment offers an attractive starting 
salary dependent upon age, experience and 
qualifications 


The Company operates a 5-day week, non- 
contributory pension and life assurance schemes 
and pays removal expenses upon appointment. 


Applications, should be made, in writing, to 


Personnel Officer, 

PFIZER LTD. 

Folkestone, Kent. 
quoting reference F 6771 


University of Queensland, Australia 
Laboratory Technician (Male) in the 
Department of .Parasitology 
Applications are invited for the above 
position. Applicants must have a regis- 
tered Diploma of Laboratory Tech- 
nology and knowledge and experience of 
technical methods necessary for experi- 
mental work on parasitology and 
immunology. The duties will consist of 
technical work associated with research 
in parasitology, especially diagnostic 
methods, staining and section-cutting, 
and the haematological, immunological 
and biochemical techniques used in 


research on parasites, parasitism and 
parasitic diseases. 

Salary £A 1,281 
num. 

Further particulars and application 
forms are obtainable from the Secretary, 
Association of Universities of the British 
Commonwealth, 36 Gordon Square, 
London, W.C.1. Applications close, ir 
Australia and London, on 30th May, 1959. 

NOTICES 
RE You Interested In Animals 
Without being A Fanatic? Then 
write for free, illustrated prospectus to 
UFAW (The Universities Federation for 
Animal Welfare), 7A Lamb’s Conduit 
Passage, London, W.C.1. 
SERVICES AVAILABLE 
| Thee oth wea FURNACES—For all 
laboratory and production purposes. 
500°C. to 1,750°C. Standard sizes. Also 
specialists in meeting individual re- 
quirements. Leading makers for over 30 
years. Catterson-Smith Ltd., Exhibition 
Grounds, Wembley, Middlesex. 


£A 1,431 per an- 














SPENCER COMPONENTS 


| 5 High Street, Kings Heath, Birmingham 14 | 











Sole Manufacturers of 
GURR’S 
(Regd. Trade Mark) 
MICROSCOPICAL STAINS 
& REAGENTS 
GEORGE T. GURR, LTD. 
36-138 New Kings Road, LONDON, S.W. 











DAIRY PLANT 





LABORATORY CONTROL OF 


by J. G. Davis, D.Sc., Ph.D. (Lond.), 
F.R.LC., M.IL.Biol., F.R.San.I. 


This book describes in simple language the latest and 
best methods for those tests designed to ensure the 
maximum efficiency, not only of the dairy plant itself, 
but also of the various items of auxiliary plant which 
are often neglected. While the book is mainly concerned 
with laboratory methods, information is also given 
about some of the latest developments in dairy plant, 
particularly of the new methods of heat treatment. 


Demy 8vo. Cloth Bound. Fully Illustrated. 
30/- postage free. from 


DAIRY INDUSTRIES LTD., 
9 Gough Square, London, E.C.4. 


Welding 








LABORATORY STAINLESS STEEL 
EQUIPMENT & PROTOTYPES 


Manufactured to customer's own requirements 


180 Pentonville Road, London, N.1 
Telephone: Terminus 3598 


and Engineering Co. Ltd. 








Published by the Proprietors, UNITED TRADE PRESS, LTD., 9 Gough Square, Fleet Street, London, E.C.4, and printed at THE GRANGE PRESS, 
Southwick, Sussex. Annual subscription rate, 45/- (which includes postage), to be sent direct to UNITED TRADE PRESS, LTD., 9 Gough Square, 


Fleet Street, London, E.C.4, England. 















metal 


1099 ACID ALIZARIN BLACK SN 
T. S. West. Chem. and Ind., 94 (1958). 


4057-5 ERIOCHROME BLUE-BLACK B 
Organic Reagents for Metals, 5th ed., Vol. 1, 
p. 159. Hopkin & Williams Ltd 


4057-6 ERIOCHROME BLUE-BLACK R 
Calcon). C. P. Hildeband and C. N. Reilley. 
Anal. Chem. 29, 258 (1957); Anal. Abs., 4, 
2518 (1957). 

P. F. Lott and K. L. Cheng. Chemist Analyst, 
46, 30 (1957); Anal. Abs., 4, 3576 (1957). 


4272 FAST SULPHON BLACK Ff 
R. Belcher, R. A. Close and T. S. West. 
Chem. and Ind., 1647 (1958). 


5799-5 METHYLTHYMOL BLUE 

J. Kérbl. Coll. Czech. Chem. Comm., 
22, 1789 (1957). 

R. Pribil. Analyst, 83, 188 (1958). 


9033-5 XYLENOL ORANGE 

J. Kérbl, R. Pribil and A. Emr. Chem. Listy, 
§0, 1440 (1956). 

J. Kérbl and R. Pribil. Chemist Analyst, 

45, 102 (1956). 

R. Pribil. Analyst, 83, 188 (1958). 





HOPKIN & WILLIAMS 


Branches in London, Manchester, Glasgow 
TAS HWI 


indicators 


LIMITED, 






Hopkin & Williams Ltd., are able to 
supply the majority of those Metal 
Indicators that are of increasing interest to 
analysts. A complete list of those currently 
available, together with relevant 
bibliographical references, may be 
obtained on request, but among the 

more prominent ones are:— 


















































FINE CHEMICALS 
for research and analysis 


CHADWELL HEATH, ESSEX, ENGLAND 


Agents throughout the U.K. and all over the world 





LABORATORY PRACTICE MAY 1959 


New 
‘Stabilec 


To satisfy the current 

need for a reliable, 
low-priced laboratory oven, 
B.T.L. offer a completely 
redesigned version of their 
famous ‘Stabilec’ oven. 


The oven chamber is corrosion resistant, with a choice of stainless steel! or 
electro-tinned mild steel, and contains two removable shelves. The oven 
is heated by convection from easily replaceable elements, and temperature 
is indicated by a bent-stemmed thermometer in the door. Temperature 
control is by means of a B.T.L. bimetallic regulator. The control knob is 
marked 0-100 and a calibration table is supplied with each oven. The 
temperature range is 30 C.—200 C. with reproducibility within rt. 


Overall size: 24” x 17” x 173”; internal chamber space: 14” x 12” x 12°; 
weight: 32 lbs. 


Please write for full details. 


complete laboratory service 


BAIRD & TATLOCK LONDON LTD - CHADWELL HEATH -: ESSEX : ENGLAND 
Branches in London, Manchester and Glasgow. Agents throughout U.K. and all over the om 
AS/BT4 











